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1. Chapter One, Introduction
1.1. Introduction to the BAF SAD

The Booster Applications Facility (BAF) Safety Analysis Document (SAD)
presents a basic understanding of the facility’s mission, the protections that are afforded
the public and the worker’ s health and safety, and the protection of the environment. An
overview of the results and conclusions of the safety analysis is contained within Chapter
2. Comprehensiveness of the safety analysis and appropriateness of the Accelerator
Safety Envelope are also addressed in Chapter 2. The environment within which the
facility was constructed, those facility characteristics that are safety-related and the
methods used in operating the Booster Applications Facility and associated equipment
are presented in Chapter 3. Chapter 4 documents the anaysis, including the
methodology, used for identification and mitigation of potential hazards. Chapter 5 isthe
policy for the engineered and administrative bounding conditions within which the
Collider-Accelerator Department operates the Booster Applications Facility; that is, the
policy for an Accelerator Safety Envelope. However, detailed limits prescribed in the
Accelerator Safety Envelope are documented in a separate agreement with the
Department of Energy. Chapter 6 describes the quality assurance program at the Booster
Applications Facility, focusing upon activities that impact protection of the worker, the
public or the environment. A description of structural and internal features that facilitate
decommissioning of the Booster Applications Facility is presented in Chapter 7. In this
Chapter, waste management of radiological and hazardous material generation from a
future decommissioning operation is discussed within the context of present-day
Department of Energy requirements.

1.2. BAF Research Mission

The Booster Applications Facility is a nationa facility for research in the diverse
field of biological effects of high-proton number, high-energy particles. The Booster
Applications Facility's design is broad and diverse to allow pursuits of avariety of aspects of
the subject. At the sametime, the facility is capable of answering the most basic question in
this field, which is quantifying the risk to humans in different shielding environments from
exposure to ionizing particles in galactic cosmic rays. Although the effect of high-proton
number, high-energy particles on living organisms seems to be too complicated to be
amenable to computer smulation for risk assessments in different environments, the task is
achievable because the effect is divided into four smpler components that are studied
independently at the BAF. These four components are in four different scientific
disciplines: 1) nuclear physics, 2) atomic physics, 3) molecular and cellular radiobiology
and 4) physiologic tissue/organ radiobiology.

Nuclear physics research involves studying nuclear fragmentation and other nuclear
interactions of high-proton number, high-energy particles with matter.

Atomic physics research involves ionization-density profiles produced around the
track of individua primary or secondary particles.

Molecular and cdlular radiobiology research involves biologica effects of
ionizations at dengties produced by products of high-proton number, high-energy particle
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interactions, usually studied in vitro at the molecular or cellular level. High-proton number,
high-energy particles are termed HZE particles.

Physiologic tissue/organ radiobiology research involves response of the integrated
biological systemsto radiations, studied in vivo.

These components in the four different scientific disciplines are studied
independently over large ranges of parameters that appear in the actua HZE-particle
interaction with living tissue, which alows the various feasible configurations to be
adequately smulated. As an example, in vivo studies with a single animal with a single
beam bring one closer to the risk answer since the example is an integral piece of a well-
planned, large set of experiments that span al four related disciplines. The design of the
Booster Applications Facility alows independent studies of all four components in the four
different scientific disciplines.

1.3. Basic Safety, Health and Environmental Protections at BAF

The BAF is classified as a low-hazard accelerator facility, and is subject to the
requirements of the DOE Accelerator Safety Order, DOE O 420.2 or itS SUCCessors.
These requirements are promulgated in BNL’s Accelerator Safety Subject Area. A low-
hazard facility is defined to be one with potential for no more than minor on-site and
negligible off-site impacts to people and the environment. The possibility of any off-site
impacts or mgjor on-site impacts is highly unlikely due to the physical aspects of the
BAF whereby:

» Itisdependant upon external energy sources; that is, electric power, that can be easily
terminated.

* The primary hazard is prompt ionizing radiation that is limited to regions where the
beam is maintained and is in existence only when a beam is present.

The Collider-Accelerator Department has embraced DOE’s Integrated Safety
Management System as a basic protection for workers and experimenters. Two
Laboratory Standards promulgate the requirements of Integrated Safety Management:
BNL ESH Standard 1.3.5, Planning and Control of Experiments, and BNL ESH Standard
1.3.6, Work Planning and Control for Operations.

In order to guide operations and maintenance of the accelerators, beam lines and
associated systems at the Department level, BNL ESH Standard 1.3.6 is used to:

* Define the scope of work in aWork Permit or establish the applicability.

* ldentify the hazards viathe Work Permit process and perform a pre-job walk down.
* Usethe Work Permit processes to establish hazard controls and required training.

* Providethe pre-job briefing and perform the work according to plan/permit.

» Usethe Work Permit feedback process to identify ways to improve next time.

BNL ESH Standard 1.3.5 is used by the Collider-Accelerator staff to guide
experimentsin order to:

» Determine the concept and scope of the experiment; assess for specia requirements,
review hazards and safety concerns.

» Develop an experimental plan and identify controls.

e Set up an experiment and obtain Experimenta Safety Review Committee
concurrence.

* Approve start-up and perform the experiment according to plan.
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» Determine ways to improve next time.

Workers and experimenters at the BAF will be working in or near radiological
areas. The rules in 10CFR835 establish radiation protection standards, limits and
program requirements for protecting individuals from ionizing radiation resulting from
the conduct of DOE activities. These requirements are promulgated in BNL’s RadCon
Manual. Basic radiation protection systems and programs include:

» Access Control System.

» Fixed-location and interlocking area-radiation monitors.

» Shielding, posting and fencing.

» Traning and qualifications for radiation workers, experimenters and visitors.

» Personnel dosimeters.

* Radiation Work Permits.

* ALARA reviews of jobs and experiments when needed.

» Dalily radiation surveys using portable radiation monitors.

» Control of radioactive materials and sources.

Basic fire protection includes compliance with DOE fire protection guidelines as
well as NFPA’s guidelines. The fire protection system is integrated with the site-wide
system and comprises an automatic fire detection and suppression system that consists of
fire-rated walls used to separate fire protection zones, automatic wet-pipe and dry-pipe
fire suppression, and rapid response capability coverage by the BNL Fire Department.
The means of egress for occupanciesisin accordance with NFPA 101.

The environmental policy as set forth by Brookhaven Nationa Laboratory in the
Environmental Stewardship Policy is the foundation on which the C-A Department
manages significant environmental aspects and impacts. The forma management
program is called the C-A Environmental Management System, which complies with 1ISO
14001. Basic environmental protections that address significant environmental aspects
identified by the Environmental Management System include:

» Concrete and iron shields to reduce soil activation and skyshine radiation to as low as
reasonably achievable.

» Formal design reviews for modifications.

» Drawing configuration control.

» Domestic water supply equipped with back-flow prevention to isolate the laboratory
domestic water supply systems.

* A systemto hold-up spilled liquids.

» A system for ventilation.

*  Waste-handling training and qualifications.

» Segregation and lock-down of ordinary waste stream, hazardous waste stream and
radioactive waste stream.

» Isolation of storm-sewer drain-lines near the experimental area.

*  Water-impermeable barriers to prevent rainwater from leaching radioactivity from
activated soil.

* Even though tritium levels in cooling water are less than the Drinking Water
Standard, the intent of Suffolk County Article 12 Code was followed in the design of
cooling water systems and piping that contain trace amounts of tritium.

» Compliance with 40CFR61, Subpart H for airborne emissions.
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» Alarmson water systems to detect leaks and alert operations personnel.
» Isolated closed cooling-water systems to reduce the volume of tritiated water.

* Process evaluations and annual reviews of activities by the C-A Department’s
Environmental Compliance Representative.
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2. Chapter Two, Summary/Conclusions
2.1. An Overview of the Results and Conclusions of the Analysis

A study of site geography, seismology, meteorology, hydrology, demography and
adjacent facilities that are impacted by the BAF shows:

» About 30% of the BNL site is developed with buildings and roads and the balance is
undeveloped Pine Barrens forest.

» It isthe consensus of seismologists that no significant earthquakes are to be expected
in the near future.

* Theclimate istemperate.

» TheUpper Glacial aquifer isawidely used public and private water supply.

» That radiation from Booster Applications Facility operations will not affect occupants
located at the closest occupied non-BAF facilities.

The design criteria and as-built characteristics for the BAF, and its supporting
systems and components with safety-related functions are:

* The Booster Applications Facility is essentially an extraction system in the Booster
ring followed by a beam line, target area and beam stop, with adjacent experimental
and utility support buildings.

* The design criteria provide the most versatile experimental beam and range of
energies and intensities practicable. Particles range from protons to Au ions.
Nucleon energies range from 0.04 to 3.07 GeV, and intensity ranges from 10° to 10*
ions per pulse.

* There aretwo engineered Booster Applications Facility safety significant systems:. the
fire protection system and the access controls system for radiation safety.

* Thedesign criteriafor the Access Control System are that it is redundant, failsafe and
has backup, backup is sometimes termed “reach-back,” plus it prevents radiation
levels from rising to unacceptable levels.

* The design criteria for the fire protection system are that alarms and sprinklers are
supervised for circuit trouble and they report to the site Fire/Rescue Group, building
occupants can hear and/or see alarms throughout the facility, and manual fire alarm
pull boxes are located at each exit.

Features that minimize the presence of hazardous environments and ensure
chemical and radiation exposures are kept ALARA during operation, maintenance and
facility modification are:

» For radiation: radiation interlocks, gate interlocks, key trees, bio-identification
system, crash cords, audible and visual warnings for beam, fully enclosed beam line
and Target Room, shielding, fencing and posting.

» For airborne hazards. hoods and individual laboratory ventilation, short-lived airborne
radioactivity re-circulated in the beam line, air emissions from Target Room vented to
the outside, and airflow direction from Support Laboratoriesinto Target Room.

 For ALARA: caps over activated soil, multi-leg penetrations and labyrinths, re-
entrant cavity with movable shield at face of beam stop, and sample translator or
relay apparatus when applicable.

» For electrical safety: covers on all conductors, sectionalizing gate dividing the beam
line and Target Room, compliance with the National Electric Code for all electrical
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distribution systems, fused circuitry in experimental equipment, and emergency-off
controls for power.

» For life-safety and fire protection: manual fire alarm stations, smoke detection, fire
alarms, sprinkler protection, fire-hose standpipes, exits that meet the Life Safety
Code, emergency lighting, and fire extinguishers.

* For liquid effluents. sump and sump aarm, drains connected to Sanitary Sewage
System, cooling water make-up alarms, no outdoor tritiated water piping, closed
tritiated cooling-water system, and back-flow preventers on supply water.

» For biological safety: Biosafety Level 2 design, Class 2, Type A biological safety
cabinets, HEPA filtered air circulation in the animal laboratory, separate ventilation
in the cell laboratory, and poured-resinous, seamless floors and washable walls in the
animal laboratory.

The organizational and management structure the Collider-Accelerator
Department and a delineation of responsibilities for safety related actions assure safe
operation of the Booster Applications Facility. Controls for routine operations and
emergency conditions are located in the Main Control Room in Building 911, a control
room that is staffed around-the-clock by qualified staff during operations. Procedures for
routine operation and emergency conditions are delineated in the Collider-Accelerator
Operations Procedure Manual, which is a controlled document.

Specific operations controls that prevent or mitigate accidents are the beam-loss
monitoring systems. The purpose of these machine protection systems is to minimize
beam loss and to help provide the required beam on target. The Collider-Accelerator
Department management requires that inadvertent beam loss occur at levels that are as
low as reasonably achievable with operational, economic and community factors taken
into account. Specific operations procedures and protocols that prevent or mitigate
accidents include sweep procedures for beam enclosures, Access Control System testing
procedures, beam-loss ALARA procedures, fire-protection system testing, soil-cap
inspection procedures, experimental safety check-off lists, radiation safety check off-lists,
and work planning procedures.

Based on analysis, the risk of a serious injury from fire, radiation and electrical
hazards at Booster Applications Facility is considered insignificant. This is due to
controls that are employed for hazard mitigation. A study of the credible challenges to
controls and estimates of consequences in the event of corresponding failure showed that
the risk of injury was unlikely. The credible maximum bounding accident scenarios for
the BAF and experiments show less than the design goal of 20 mrem per event to
individuals outside the shield. Risks to workers, the public and environment are
considered insignificant for routine operations.

2.2. Comprehensiveness of the Safety Analysis
The BAF SAD is consistent with DOE Orders. It closely follows the prescription

for an SAD given in Draft Accelerator Safety Implementation Guide for DOE O 420.2,
Safety of Accelerator Facilities, Office of Science, Department of Energy, May 1999.

! http://www.rhichome.bnl.gov/A GS/Accel /SN D/420Gui de/Guide420.pdf


http://www.rhichome.bnl.gov/AGS/Accel/SND/420Guide/Guide420.pdf
http://www.rhichome.bnl.gov/AGS/Accel/SND/420Guide/Guide420.pdf
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The fire protection system and the Access Control System are identified as safety
significant. The Department’s shielding policy is clearly stated.? Optimization methods
are used to assure that occupational exposure is maintained ALARA in developing and
justifying facility design and physical controls® Major hazards are identified and
adequate controls are described, including environmental controls to protect activated soil
from rainwater infiltration.* > "8 9

Models used for dosimetric predictions in the SAD are described and are to be
verified against measurements made during commissioning. A list of environmental
aspects for the BAF operations is enumerated. The BAF SAD clearly documents the
safety and health aspects of al portions of the facility including the beam line, Target
Room and Support Laboratories. The C-A Department organizationa structure and ESH
programs for commissioning and operation of BAF are adequately described in the SAD.

2.3. Appropriateness of the Proposed Accelerator Safety Envelope

Using Chapter 4 of the BAF SAD, its associated risk assessment forms in
Appendix 9, and results of the Environmental Assessment for the BAF, the Accelerator
Safety Envelope (ASE) was developed according to requirements set forth in the BNL
SBMS Subject Area, Accelerator Safety.

2 http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADA ppendix10.doc, Appendix 10, Shielding
Policy

? http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADAppendix6.doc, Appendix 6, 10CFR835
ALARA Design Document for BAF

* http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADAppendix1.pdf, Appendix 1, Estimates of
Radiological Quantities Associated with the Booster Applications Facility

® http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADAppendix3.pdf, Appendix 3, BAF Beam
Loss Assumptions

® http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADA ppendix4.pdf, Appendix 4, BAF Clean
Air Act Assessment (NESHAPS)

" http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADA ppendix7.pdf, Appendix 7, Estimate of
Induced Activity Near the BAF Beam Dump

8 http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADA ppendix8.pdf, Appendix 8, Fire Hazard
Analysisfor BAF

® http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADAppendix9.pdf, Appendix 9, Qualitative
Risk Assessment
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3. Chapter Three, Site, Facility and Operations Description
3.1. Characterization of the Booster Applications Facility Site Location

The site geography is such that BNL is located near the center of Suffolk County,
Long Island, about 60 miles east of New York City. Most of the principa facilities are
located near the center of the BNL's 5,265-acre site. The developed area is
approximately 1,650 acres, consisting of about 500 acres originally developed by the
Army, as part of Camp Upton. The developed area is still used for offices and other
operational buildings, 200 acres occupied by large, speciaized research facilities; 550
acres occupied by outlying facilities, such as the Sewage Treatment Plant, research
agricultural fields, housing, and fire breaks;, and 400 acres of roads, parking lots, and
connecting areas. The balance of the site, approximately 3,600 acres, is largely wooded
and it represents native pine barren ecology. See Figures 3.1.a, 3.1.b and 3.1.c.

Figure 3.1.a Site Overview
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Figure 3.1.b Booster Applications Facility Site Plan View
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Figure 3.1.c Booster Applications Facility Plan View
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The probable occurrence of an earthquake sufficiently intense to damage
buildings and structures in the BNL area has been thoroughly investigated as part of the
planning for construction of the Relativistic Heavy lon Collider. It is the consensus of
seismologists that no significant earthquakes are to be expected in the near future. No
earthquake has yet been recorded in the BNL area with intensity in excess of modified
Mercalli 111, equivalent to 1 to 8 cm/s” acceleration.® However, since Long Island liesin
a Zone 1 seismic probability area, it has been assumed that an earthquake of Intensity
VI, 5.6 on the Richter scale could occur, which is negligible damage of good design and
construction.*!  Liquefaction potential of soils a BNL for such an event is negligible
given existing soil density and saturation parameters. Thus, structural stability should
remain through an event of this magnitude. No active earthquake-producing faults are
known in the Long Island area.*

The meteorology is such that prevailing ground level winds at BNL are from the
southwest during the summer, from the northwest during the winter, and about equal
from these two directions during the spring and fall. Recent meteorological data show
the total annual precipitation to be 50 inches. The monthly mean temperature is about 54
°F, ranging from a monthly mean low temperature of 32 °F in January to a monthly mean
high temperature of 76 °F in July. The average annual mean temperature shows a
continuing trend of increasing annual temperatures. In general, annual mean temperature
at BNL has increased 1.9 °F over the last 50 years, compared to a worldwide average
surface temperature increase of 0.55 °F.

The hydrology is such that the BNL site is underlain by approximately 1,300 feet
of unconsolidated Pleistocene and Cretaceous sediments overlying Precambrian bedrock.
The unconsolidated sediments, subdivided from youngest to oldest, are as follows:

» Upper Pleistocene deposits or Upper Glacial aquifer.

» Gardiners Clay or confining unit.

* Magothy Formation or Magothy aquifer.

* Raritan Formation or Raritan Clay confining unit and LIoyd aquifer.

Detailed discussions on these formations can be found delLaguna 1963, Faust
1963, Lubke 1964, Warren 1968, and Geraghty and Miller 1996 listed in the References.

The Upper Glacial aquifer is widely used on Long Island for both private and
public water supply. Drinking water and process water supplies at BNL are obtained
exclusively from the Upper Glacial aquifer. The Laboratory currently operates six
potable water supply wells that can be pumped at rates of 1,200 gpm, and 5 process
supply wells that can be pumped at rates between 50 and 1,200 gpm. During maximum
water usage at BNL, up to 6 MGD are pumped from the Upper Glacial aquifer. Most of
this water is returned to the aguifer by way of recharge basins or discharge of STP
effluent to the Peconic River. Groundwater in the Upper Glacial aquifer beneath BNL
generaly exists under unconfined conditions. However, in the areas along the Peconic

19.S. Department of Energy. 1992. Environmental Assessment, Relativistic Heavy lon Collider at
Brookhaven National Laboratory, Upton, New Y ork. DOE/EA# 0508. January 1992.

! Pepper, S. 1992. "Seismic Event Prediction,” Memorandum to T. Sperry. August 6, 1992.
12U.S. Department of Energy. 1978. Final Environmental Impact Statement, Proton-Proton Storage
Accelerator Facility (ISABELLE). DOE/EIS# 0003. August 1978.
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River where low permeability near surface silt and clay deposits exist, semi-confined
conditions may occur. Depth to groundwater varies from several feet below land surface
within the lowlands near the Peconic River, to as much as 75 feet in the higher elevation
areas located in the central and western portions of the site. The depth to groundwater in
the Booster Applications Facility area is approximately 25 feet below land surface.
Available geologic data collected during the installation of nearby wells, indicates the
Booster Applications Facility area is underlain by predominantly medium to coarse-
grained sand and fine gravel.

The Long Island aquifer system has been designated by the U.S. EPA as a Sole
Source Aquifer System, pursuant to Section 1424(e) of the Safe Drinking Water Act.
Groundwater in the sole source aguifers underlying the BNL site is classified as "Class
GA Fresh Groundwater” by the State of New York (6NY CRR Parts 700-705). The best
usage of Class GA groundwater is as a source of potable water supply. As such, federal
drinking water standards, NYS Drinking Water Standards and NYS Ambient Water
Quality Standards for Class GA groundwater are used as groundwater protection and
remediation goals.

For drinking water supplies, the federal maximum contaminant levels (MCLSs) set
forth in 40 CFR 141 and 40 CFR 143 apply. The Laboratory maintains six wells and two
water-storage tanks for supplying potable water to Laboratory community. In NYS, the
Safe Drinking Water Act requirements pertaining to the distribution and monitoring of
public water supplies are promulgated under Part 5 of the NY S Sanitary Code, which is
enforced by the SCDHS as an agent for the NYS Department of Health. These
regulations are applicable to any water supply that has at least five service connections or
regularly serves at least 25 individuals. The Laboratory supplies water to a population of
approximately 3,500 employees and visitors and must comply with these regulations. In
addition, DOE Order 5400.5, Radiation Protection of the Public and Environment,
establishes Derived Concentration Guides for radionuclides not covered by existing
federal or state regulations.

The BNL groundwater surveillance program uses wells, which are not utilized for
drinking water supply, that are designed to monitor research and support facilities where
there is a potential for environmental impact, or in areas where past waste handling
practices or accidental spills have already degraded groundwater quality. BNL evaluates
the potential impact of radiological and non-radiological levels of contamination by
comparing analytical resultsto NY S and DOE reference levels.

The predominant groundwater flow direction in the Booster Applications Facility
area is to the south-southeast. Until recently, groundwater flow directions in the Booster
Applications Facility area were influenced by the operations of AGS cooling water
supply wells 101, 102, and 103, which are located 1,200 to 2,000 feet to the west of the
Booster Applications Facility. During periods of continuous use, pumpage totaling
nearly 1,200 gpm resulted in a more southerly groundwater flow direction in the Booster
Applications Facility area.  However, in July 1998 the AGS supply wells were
decommissioned, and the AGS's cooling water is now supplied by the BNL potable water
system. It is now expected that the groundwater flow directions in the Booster
Applications Facility area will be consistently to the south-southeast. The closest BNL
potable water supply is supply well 10 located approximately 2,100 feet to the east of the
Booster Applications Facility. Results from supply well capture zone modeling indicates
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that under sustained pumping conditions, approximately 8 to 10 years would be required
for groundwater to travel from the Booster Applications Facility to supply well 10.

The demography is such that about athird of the 1.37 million people that residein
Suffolk County live in Brookhaven Township where the Laboratory is situated.
Approximately eight thousand people live within 0.3 miles of the Laboratory 's
boundaries.

Funding from the U.S. Department of Energy drives the demography of the BNL
site. Brookhaven National Laboratory is a multi-program scientific center that develops
and operates large-scale, state-of-the-art research facilities that are beyond the capability
of any single university. In carrying out DOE's mission at the Laboratory, BNL's staff
conducts its own basic and applied research at the frontiers of science through long-term
programs in physics, chemistry, biology, medicine, energy and environmental sciences,
and nonproliferation and national security. In addition, Brookhaven's 3,000 scientists,
engineers and support staff collaborate and/or meet the needs of the more than 4,000
visiting researchers who come to the Laboratory each year from across the country and
around the world.

Today, the Laboratory is home to four Nobel Prize-winning discoveries in
physics. Thefirst Nobel Prize for research developed at BNL was awarded in 1957, for a
theory on parity conservation. The physics prizesin 1976, 1980 and 1988 were awarded
for discoveries made using Brookhaven's Alternating Gradient Synchrotron (AGS). The
AGS is one of the world's premiere particle accelerators and currently the only heavy-ion
accelerator for radiation-biology research in the U.S. In addition, the AGS now also
serves as a pre-accelerator for the Laboratory's Relativistic Heavy lon Collider, which is
the world's newest and biggest particle accelerator for nuclear physics research.

Since 1998, Brookhaven Science Associates (BSA), a nonprofit, limited-liability
company established in 1997 by Battelle and the Research Foundation of the State
University of New York (SUNY) for SUNY at Stony Brook, has operated BNL under
contract with the U.S. Department of Energy. BSA's goal is to encourage internationally
significant and nationally important science research to be done at Brookhaven, while
ensuring the quality of the Long Island environment, the safety of the surrounding
community, and the health of the Laboratory's staff and visitors.

Founded in 1977 as the 12th cabinet-level federa department, the U.S.
Department of Energy oversees much of the scientific research in the U.S,, through its
support of BNL and the eight other national laboratories. Today, the U.S. Department of
Energy not only provides the majority of Brookhaven's research dollars and direction, but
also it is the government agency responsible for the Laboratory's operations and
environmental stewardship.

The adjacent facilities that may affect the Booster Applications Facility are
experimental operations in Building 919, and the operation of the Booster in Building
914. Both operations may contribute radiation exposure to occupants of the Booster
Applications Facility. The design criteria adopted by Collider-Accelerator Department is
that operation of these adjacent facilities be planned such that they contribute less than 25
mrem in one year to Booster Applications Facility occupants. Alternatively, it is not
anticipated that radiation from Booster Applications Facility operations will affect
occupants located at Building 930 or Building 919, which are the closest occupied non-
BAF facilities.
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3.2. Design Criteriaand As-Built Characteristics

The Booster Applications Facility is essentialy an extraction system in the
Booster ring followed by a beam line, target area and beam stop, with adjacent
experimental and utility support buildings. A packet of ionsin the Booster ring, a beam
pulse, is extracted into the Booster Applications Facility over periods up to 1 second in
length. This pulse duration is termed “slow” extraction. The design criteria and as-built
characteristics for the Booster Applications Facility; that is, the Slow Extracted Beam
(SEB) system, the beam transport line, the safety systems, the Target Room and the
Support Laboratories are as follows.

The Booster has operated since 1991 as a fast beam-injector of protons and heavy
ions into the AGS. In order to deliver an external slow extracted beam to the Booster
Applications Facility, new equipment was installed and some rearrangement of existing
apparatus occurred. These changes are separately described in an Unreviewed Safety
|ssue (Appendix 5) associated with the Booster Safety Analysis Report.*®

This new additional slow-extraction mode of operation is aimed at providing the
most versatile experimental beam and range of energies and intensities practicable, as
shown in Table 3.2. Intensities as low as 10° ions per pulse are available to experiment-
ers by collimating the extracted beam with asingle jaw collimator.

Table 3.2 Operating Parameters for Slow Extraction for some Typical lon Species

Species Charge State Kinetic Energy Range, Estimated Maximum

in Booster GeV/nucleon Intensity, 10° lons per Pulse
p 1 0.7310 3.07 100
28 Si 14 0.09t01.23 4
56 Fe 21 0.10t01.10 0.4
63 Cu 22 0.10t01.04 1
197 Au 32 0.04t0 0.30 2

The SEB system consists of a thin magnetic septum, thick magnetic septum and
four lattice sextupoles. The extracted beam passes through a stripping foil before
entering the Booster D6 septum magnet. The thickness of the foil is adjustable to
completely strip the ions and alow for a uniform beam spot at the target area. The
extraction efficiency is about 70 to 80%. Since the SEB beam intensity and energy for
the Booster Applications Facility is low, the extraction efficiency value is acceptable
from a radiation protection standpoint. That is, radiation from SEB extraction losses in
the Booster is much less than radiation from routine loss of protons experienced during
high-intensity running or during proton studies on the Booster dump.

13 AGS Booster Final Safety Analysis Report, Editor: E. Lessard, Brookhaven National Laboratory, Upton,
New York 11973, February 27, 1991.
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The thin septum magnet is similar in design and specification to the F5 extraction
septum used in the AGS but it is built to 10™ torr ultra-high vacuum standards. To meet
this ultra-high vacuum requirement the individual interna sted and stainless sted
components and the vacuum chamber were vacuum fired at 950 °C and assembled in aclean
room. A thin 0.76 mm copper septum was used to minimize the beam loss during
extraction. Inconel water lines were brazed to each edge of the septum to cool it. A remote
positioning system was installed to optimize the septum's orientation for the various
extracted beams.

The thick septum magnet is similar in concept to the present F6 extraction septum
magnet used for the Booster. The magnet core and the water-cooled copper bus work are
located outside of the vacuum. A specid "Y" chamber is used with an Inconel chamber for
the extracted beam that fits in the aperture of the magnet. The Booster circulating beam
goes in anickd-plated steel chamber that is welded to the Inconel chamber at the upstream
end. The septum magnet must be on at full field throughout the 0.1 to 1.0 second extraction
time. Because of this, heating of the septum conductor is significant even with water-
cooling. The magnet is run DC to prevent the heating and cooling cycles from causing
fatigue stress failures in the copper conductor or friction wear problems with the insulation.
This magnet is built with four small conductor windings in the septum and the back leg.
Thisdesign is used in the AGS F10 extraction septum magnet that operates DC with smilar
currents. To meet the ultra-high vacuum requirement the sted, stainless steel and Inconel
components of the vacuum chamber were vacuum fired at 950 °C and assembled in a clean
room. The entire assembly including the magnet core, copper conductor, and associated
insulation is bake-able to 300 °C to meet the Booster vacuum bake-out requirements.

A stripping foil mechanism and a radia single jaw collimator are upstream of the
thick septum magnet. This foil holder/changer is similar in design to the mechanism
currently used for Booster H™ injection. The mechanism was re-engineered to minimize the
amount of space that it takes at the upstream end of the septum magnet. To aid with the
setup of the extracted beam, it has a scintillation flag position with associated camera port,
light port and camera mounting hardware in the tunnel.

Associated with the moved and new equipment installations in the Booster ring are
modifications to the vacuum system. The mgor hardware pieces are new vacuum
chambers, flanges, chamber modifications, bake-out blankets, wiring associated with the
bake-out blankets, additional heater relay boxes, updated bake-out computer control
software and tests of the system.

3.2.1. Design Criteria and the As-Built Characteristics for the Booster
Applications Facility Instrument Systems

For efficient operation, the characteristics of the beam must be measured and
displayed. The design criterion is that instrumentation for beam monitoring must be
present in following four categories: beam position, beam profile, which is measuring the
size and shape of the beam, beam intensity and beam loss.

The instrumentation for the Booster Applications Facility beam line must also
include a number of different types of instruments to cover the full range of ion species
and beam intensities. A list of the various instruments used can be found in Table 3.2.1,
and a schematic view of their location in the beam line is shown in Figure 3.2.1.a. The
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main elements guiding the tuning of the beam line are the 7 flags, which are phosphorus
materials that measure beam profile, and the 5 segmented wire ionization chambers
(SWICS), which are proportional chambers with a wire mesh that also measure beam
profile. The flags will be viewed by cameras recessed into the tunnel shielding and the
camera images will be processed by a frame grabber and image processor. Three ion
chambers (IC) provide additional information about the integrated beam intensity along
the beam line. Most of the instruments have to be retractable in order to be able to
transport low-energy ion beam down to the target. For this same reason, there is no
window separating the Booster vacuum (~10™" torr) from the Booster Applications
Facility beam line vacuum. This requires the instrumentation to be mounted in ultra-high
vacuum compatible boxes and be bake-able in the straight section upstream of the 20-
degree bend.

Table 3.2.1 Booster Applications Facility Instrument List

Location | Flag| SWIC Wire Spacing| Beam Size lon Scint.
Just (32/plane) (90% full width) Chamber | /PMT
Upstream

Of: Horizontal Vertical | Horizontal Vertical

1) D6 Yes | N/A N/A 25 mm 25 mm No No
Septum

2) Q1 Yes| 6.5mm | 6.5mm | 60 mm 120 mm No Yes
3)D1 Yes| 1.5mm | 5mm 17 mm 75 mm Yes No
4) O1 Yes| 6.5mm | 1.5mm | 90 mm 8 mm Yes No
5) 02 Yes| 3mm 6.5mm | 20 mm 90 mm No Yes
6) Finad | Yes| None None 200 mm 160 mm No No
window

7) DS No | 6.5mm | 6.5mm | >200mm | >160mm | Yes Yes
window

8) Target | Yes | N/A N/A >200mm | >160 mm | No No
Area

The expected range of particle intensities covered by the various instruments is
broad, from *Au to *H, from 0.04 to 3.07 GeV/n, and from 2x10° to 1x10™ ions/pulse.
Beam intensities that are 10° ions per spill or lower are under consideration by future
Booster Applications Facility users. At these low intensities, it is not possible to see the
beam profiles on the flags or SWIC's. The integrated intensity is monitored using plastic
scintillators that can count individual ions. The low intensities are achieved by closing
the collimator upstream of the D6 septum, a collimator with vertical jaws and scissor type
motion, in combination with the use of a vertical stripping wire to define a small
horizontal aperture. The instrumentation electronics and controls will be located in
Service Building 957, see Figure 3.2.1.b, which also houses the beam line magnet power
supplies.
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Figure 3.2.1.a Booster Applications Facility Instrument Locations
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Figure 3.2.1.b Service Building 957
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In order to monitor beam position, MCR operators use the plunging SWIC's and
flags to measure beam profiles, using this data they calculate position in the transport line

during setup periods.

MCR operators rely on Booster ring diagnostics and data from the experimenter’s
dosimetry system to minimize unwarranted beam loss in the Booster and Booster

Applications Facility.

It is noted that the present beam-loss detectors and electronics

installed in Booster are not sensitive enough to measure low-intensity, low-energy heavy-
ion beam loss with accuracy. Since measurable activation from occasional low-intensity,
low-energy heavy-ion beam loss in not expected, MCR operators rely on the

experimental group to alert the control room if beam is not reach
area as anticipated. During setup and during runs, the NASA experi

ing the experimental
mental group has on-

line segmented ion chambers to monitor beam position, and ion chambers to monitor
beam intensity. These devices are just downstream of the target area. Initialy, MCR

operators optimize the beam tune-up to experimenter specification

, and then retract al

MCR controlled instrumentation with the exception of the final non-plunging flag.
Experimenters then confirm with their diagnostic equipment and dosimetry devices that

the beam characteristics meets their needs.
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3.2.2. Design Criteria and As-Built Characteristics for the Booster Applications
Facility Magnets, Vacuum and Control Systems

The beam transport line delivers the extracted Booster beam from the extraction
point of the Booster, to the target in the experimental area and provides the required beam
profile on the target. The transport line starts at the beginning of the D6 straight section
of the Booster, and ends at the target that islocated 100 m downstream. The layout of the
magnetic elements that transport and shape the beam on target is shown in Figure 3.2.2,
and a brief list of these elementsis given here.

* The thick septum magnet (not shown in Figure 3.2.2), placed just after the (D6)
Booster extraction point, bending the beam by 8.9° (155 milliradians) to the left, thus
extracting the beam from the Booster ring.

« Two dipoles, each 0.9 m long with 15 cm gap, each bending the beam by 10° for a
total of 20° bend to the left to direct the beam into the final straight section of the
tunnel. These dipoles are placed at a distance of ~33 m from the beginning of the
beam transport line.

» Eight magnetic quadrupoles all 60.9 cm long with 20 cm aperture. Two quads are
placed upstream of the 20° bend and the six downstream of the 20° bend.

* Two magnetic octupoles 50 cm long and 20 cm aperture. Each of the octupoles is
placed downstream of the 20° bend in order to provide beam shaping and uniformity
at the target.

» Eight trim magnets (dipoles) are distributed throughout the beam line in order to keep
the beam centered.
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Figure 3.2.2 Booster Applications Facility Magnet Layout
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Because it would cause unacceptable beam losses for low momentum heavy ion
beams, a vacuum window cannot be used to separate the Booster 10 torr ultra high
vacuum system from the beam-line vacuum system. Instead, a transition vacuum from
the Booster ring vacuum to the line vacuum is provided. Pressures of 10™° torr and 10
torr are required in the first two vacuum sections of the line respectively. To accomplish
this, all parts in the vacuum system are cleaned and assembled to ultra-high vacuum
standards. The first section of the line is bake-able to 150 °C. The rest of the lineis a
clean all-metal gasket, unbaked vacuum system with ion pumps similar to the RHIC
transfer-line vacuum system. Conflat™ flanges are utilized throughout the beam line.
Non-evaporative getters (NEG) that provide high pumping speeds are used with ion
pumps in the first two sections. lon pumps only are used for the balance of the line.
Cold cathode gauges and Perani gauges are used for the entire line. Because of the bake-
out/ultra-high vacuum requirements, al metal valves with metal sealing gates are used
for the first two sectors. For the rest of the system, the valves have Viton™ sealing gates
that are significantly less expensive. A fast closing valve is installed to protect the
Booster ring from a catastrophic vacuum failure in the line. The vacuum system includes
the vacuum chambers that are installed in the beam-transport system magnets, the
vacuum window at the downstream end, and a ceramic break at the upstream end. The
vacuum system also includes specia chambers for beam instrumentation equipment and
the collimators. Bake-out blankets required for the upstream end of the line, wiring for
the bake-out blankets, heater relay boxes, computer modules, and bake-out computer
control software also are part of the vacuum system.

Controls include distributed controls, such as Ethernets or timing circuits that
interconnect Tandem, Booster extraction and Booster Applications Facility beam-line
equipment locations, and central controls, which are computers and software that control
Booster rf and magnet power supplies that help provide beam for the Booster Applications
Facility. Also included in this central class of controls is the hard-wired, non-computer,
relay-based Access Control System that permits entrance to beam areas only when it is safe
to do so. The overal design criteria and as-built characteristics for central controls are:

*  Beam Spill Control - The desirable performance for the spill control system is a spill
period of 0.1 to 1 second with low frequency ripple during the spill. A computer
directs the system’s mgjor parameters and its output feeds the Booster main magnet
power supply (MMPS) electronics. The major spill parameters that are controlled are
the start and the duration or length of the spill. Other controls include beam allowed
and beam inhibit modes of operation. Anion chamber near the start of the beam line
serves as the detector for the spill control. In normal operation, the ion chamber is
used to generate a correction signal, or the chamber is retracted and the system is run
using a derived correction signal, which is stored.

» Spill Ripple Control - Spill ripple, or change in the intensity of the extracted beam
during the 0.1 to 1 second spill period, is caused by fluctuations of the power supplies
for magnets in the Booster ring and the extraction magnets. That is, a change in
power to the magnets causes a change in magnetic field that in turn changes the
intensity of the extracted beam.

If the beam is viewed as an apple skin and the extraction septum is viewed as
a knife that peels the skin, then movement of the apple with respect to the knife will
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produce a ripple in the peel. In the same way, movement in the radius of the
circulating beam with respect to the extraction septum, movement that is due to a
fluctuation in the magnetic field, produces a change in beam intensity during the spill
period.

With the rf system on, a spill control servo is used to control thisripplein the
extracted beam. That is, an ion chamber signal measuring beam intensity directs an rf
control signal that directly influences the beam intensity. In this case, the spill control
servo compares the intensity of the extracted beam with a reference signal and
produces a control signal for the low-level rf system in the Booster. Since the rf
system is used to change beam energy, the result is a virtually instantaneous change
in the radius of the beam in the Booster. The beam intensity monitor is an ion
chamber located near the end of the Booster Applications Facility beam line. Theion
chamber is similar to the one used for Beam Spill Control. Using rf to counteract the
changes in beam intensity due to fluctuations in power supplies for magnetsis arapid
way to ater beam radius; that is, it is much more rapid than feedback to the power
supplies, and the overall effect isto smooth out the ripple.

» Access Control System - An efficient and cost effective approach to the access
controls implemented in the Booster Applications Facility was to augment the present
Booster relay-based access controls system with a programmable-logic-controller
(PLC) based system for this externa area. Requirements for this system follow
established Collider-Accelerator Department guidelines for limiting and controlling
personnel access to beam enclosures, and for controlling possible prompt radiation
concernsin adjacent areas.

3.2.3. Description and Design Criteriafor Engineered Safety Systems

There are two engineered safety systems at the Booster Applications Facility and
they are the fire detection/protection system and the access controls system for radiation
safety.

The Access Control System for the Booster Applications Facility controls four
gates that lead to the beam line or Target Room:

» Labyrinth entrance from the Support Laboratories (BGE1L).

» Labyrinth entrance from the beam-line shield door (BGE2).

* Internal isolation gate at the upstream end near the Target Room (BGI 1).
* Internal gate at the upstream end of the beam line (BGI2).

BGE1 and BGE2 are normal external access gates and are instrumented and
interlocked to disable Booster Applications Facility extracted beam. BGE2 is designed to
allow beam line access for large items; for example, a vacuum leak checking station.
BGI1 allows unrestricted egress from the Booster Applications Facility tunnel into the
Target Room but requires, in some access control configurations, a Controlled Access
(CA) key and simultaneous release from the Main Control Room for movement from the
Target Room to the Booster Applications Facility tunnel. BGI2 isolates the long straight
section of the Booster Applications Facility tunnel from the beam line segment
contiguous with the Booster penetration. A small shield-labyrinth is used in this region
to mitigate the impact of beam loss in the Booster ring. BGI2 is instrumented and
interlocked to the Booster injected beam for both the Linac and the Tandem.
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Critical devices are beam-line elements that when placed in a safe state will
eliminate the radiation hazard from the beam to safely permit access. As with other
aspects of the access controls system, Collider-Accelerator Department requires two
completely separate critical devices to be in force before allowing access to any area that
can produce greater than 50 rem in one hour from beam. Each of these separate critical
devices must mitigate the radiation hazard by itself. The D6 Septum, D3 Septum and D6
Extraction Bumps are the critical devices located in the Booster ring used to prevent
beam extraction and allow access to the Booster Applications Facility beam line. See
Figure 2, Appendix 5. The D3 septum itself is not efficient in preventing extraction. The
D3 septum is combined with the bump power supplies as one critical device; the thick
septum at D6 would be the other. Modeling shows that each of these two devices prevent
primary beam from being extracted. There will still be the need to close the BAF beam
plug for any access. It is noted that two critical devices are required and are considered
adequate by the C-A Radiation Safety Committee to disable the extracted Booster
Applications Facility beam. The Booster Applications Facility beam line magnets
causing the 20° bend seen in Figure 3.2.2 are not used as a critical device since there is
neither enough shielding nor another bend between these dipole magnets and the Target
Room sufficient to mitigate the radiation hazard.

As opposed to disabling critical devices before an authorized entry, unauthorized
access through BGE1, BGE2 and BGI1 gates or hitting a crash button causes the critical
devices to be disabled, which excludes Booster extracted beam to the Booster
Applications Facility. Access through BGI2 disables the Booster injected beam from
both the Linac and TVDG.

Before permitting beam into any beam line, the MCR Operations group must
ensure that the beam line enclosure is cleared of personnel. This is accomplished by a
search of the area followed by an area reset. In order to make further entries and retain
the swept state, the system is placed in the Controlled Access state. In the Controlled
Access state, the entrants must obtain a key from the key tree. Under observation by
MCR operators, entrants insert the key into the gate switch and receive a simultaneous
gate release from the Main Control Room. Possession of the key by the entrant prevents
achange from a safe state to the beam enabled state.

In order to limit the effort needed for clearing personnel from the affected area,
the Booster Applications Facility beam enclosure is divided into three sweep zones. Each
zone isinstrumented with reset stations appropriately located to focus attention during the
sweep in locations of limited line-of-sight.

There are two gate position-sense switches mounted at each gate. These switches
give a positive indication that the gate is in the closed position. Each gate has one
electric strike. In Controlled Access state, the electric strike must be energized from the
MCR in order to access the area. All gates provide a means of emergency egress. The
emergency-crash-glass on gates, which is used to permit emergency access to the area, is
monitored and will interlock the beam if not intact.

The Restricted Access state applies to all Booster Applications Facility enclosure
gates and does not require a key from the key tree for access. Entrants are issued a
specia key for access and beam is disabled by operations staff using the critical devices.
On the other hand, Controlled Access entry requires a key from the key tree and a
simultaneous gate release from MCR for access and egress. In this state, control and
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tracking of those entering the area is done by an MCR Operator using video cameras.
Trained entrants to the Target Room during a Controlled Access are identified by a bio-
scanning unit, such as an iris scanner or palm reader that verifies the entrant’s enrollment
in the database. Enrollment can only be made by authorized C-A staff who verify
completion of required training before enrollment of the user. The scanner is located
near BGE1. A successful scan releases a key from the key tree.

It is noted that required training for Users is identified by performing a training
assessment based on work planning documents and experiment reviews in accord with
requirementsin the SBMS Subject Area, Training and Qualifications. In similar facilities
at the Collider-Accelerator Department, some level of radiological training is normally
required in addition to facility specific training. This additional radiological training may
address specific environmental, safety and health procedures, such as key-tree operation
that are associated with a specific experimental area. In addition, the training assessment
for Users identifies radiological training requirements that must be fulfilled in order to
enter the experimental areas unescorted.

Other access-control-system devices include active radiation area monitors that
reduce or eliminate unwarranted prompt radiation levels in occupied areas due to fault
conditions. Active monitoring is provided in the upstream Booster Applications Facility
beam line to monitor beam losses in the Booster Applications Facility extraction region
of the Booster ring. The radiation area monitors used for this task are two (dual-
redundant) interlocking Chipmunks. C-A Department will not use these chipmunks
while BAF is running, but if there is to access the tunnel, or the Target Room, the two
chipmunks in the upstream stub will be active, the same way they have been during
construction. Three more chipmunks, active all the time, will also be used. Two are to
be at the two external gates, the third one may be on the berm or behind the beam stop or
in the power supply building near the penetrations for utilities. The final location, or the
possible need for more, would be settled after review by the Radiation Safety Committee
and results of initial fault studies.

These devices have a tissue equivalent response that measures radiation exposure
in units of absorbed dose. The measured dose is electronically multiplied by a factor of
2.5 to indicate the dose equivalent. The factor’s value was based on measurements of the
energy of the neutron radiations found adjacent to AGS shielded facilities. The factor is
used to adjust for the “quality” of the neutron radiation to cause stochastic effects relative
to gamma radiation.**

Chipmunk radiation monitors interlock the Booster injected beam should
significant Booster beam loss be noted in the extraction area. The interlock level is
conservatively set at 2.5 mrem per hour and the alarm level set at 80% of the interlock
level. The Radiation Safety Committee may change the interlock level to higher levels
depending on need and ALARA considerations. Main Control Room operator response
to alarms and interlocks is governed by formal reporting requirements set down in the
Collider-Accelerator Operations Procedure Manual.

There are five basic design criteria for the Access Control System for the beam
line:

» Either the beam is disabled or the related access control areais secured.

14 BNL Memorandum, Summary of Neutron and Gamma Measurements for FY 96, Edward T. Lessard to
Distribution, October 11, 1996.
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* Only wires, switches, relays, programmable logic controllers and Collider-
Accelerator Department Radiation Safety Committee approved active fail-safe
devices are used in the critical circuits of the system.

*  Where relays are used, the de-energized state of arelay is the fail-safe state; that is,
the system is fail-safe.

* Redundant critical devices are used to disable the beam and redundant interlocks are
used to secure the area.

» If abeam failsto be disabled as required by the state of its related access control area,
then the upstream beam is disabled; that is, the access controls have backup or what is
sometimes termed “reach-back.”

Brookhaven National Laboratory provides central fire-alarm station coverage by
an Underwriter Laboratory listed multiplexed Site Fire Alarm System. The system
complies with the requirements of NFPA 72 for a Style 7D System.

The system uses the existing site-telephone cable plant. RS232 signals are sent
via full duplex line drivers. Each fire alarm panel has two channels connected to the
Central Station. The panels are divided into 7 communication “loops.” The system can
monitor more than 20,000 points. It is currently monitoring 3,800. Response time from
alarm at the panel to alarm indication at the Central Station is less than 10 seconds, which
iswell within the 90 seconds allowed by NFPA 72.

The main console is at the Firehouse, Bldg. 599. This station monitors all fire
alarm signals, trouble and communication status alarms. A satellite station at Safeguards
and Security, Bldg. 50, receives only the fire alarm signals. If the Firehouse does not
acknowledge an alarm within 90 seconds, the satellite station at Bldg. 50 will receive an
audible indication to handle the alarm. A second satellite station at AGS Main Control
Room, Bldg. 911, receives only the fire alarm signals from the RHIC/AGS accelerator
buildings. A team of operators and Radiological Control Technicians respond during
accelerator operating times.

Smoke removal ventilation is provided in the BAF tunnel. One 17,000 cfm
exhaust fan is located at the tunnel’s mid point. Two make up air shafts are supplied by
the exit points. Activation is by manual stations at the fire aarm control panel and the
labyrinth entrance to the tunnel. While smoke-removal is not required by code, it is
essential for fighting afire in awindowless, underground facility.

The following is the basic design criteria for the fire detection/protection systems
for the beam line:

*  When provided, fire detection is spaced at a maximum of 400 sg. ft. per detector.

* Alarm devices are supervised for circuit trouble and ground fault conditions by the
facility’s main fire dlarm panel.

* Alarm and trouble signals report to the BNL Fire/Rescue Group via the Site Fire
Alarm System.

*  Wet pipe sprinkler systems are installed according to Factory Mutual Engineering
Association hydraulic design criteriafor ordinary industrial hazards.

*  Water supply control valves to sprinkler systems are supervised by the Site Fire
Alarm System.

* Manual fire alarm stations are provided at each exterior exit.

» Building occupants are aerted throughout the facility by combination fire alarm bells
with integral strobe lights.
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» Design criteriafor response to fires follows the National Fire Protection Association’s
(NFPA) standards for installation and maintenance for fire detection systems (NFPA
72), fire sprinkler systems (NFPA 13), fire department standpipe systems (NFPA 14)
and the National Electrical Code (NFPA 70). Additional refinement of the criterionis
provided in BNL’s ESH Standard on fire alarms.

e Only Underwriter’s Laboratory (UL) approved or listed equipment is used, and it is
used in the manner intended by the approval agency to ensure the most reliable
functioning of the systems.

The basic design criteria for the Booster Applications Facility Target Room and
support facilities fire detection/protection systems are:

* A wet pipe sprinkler system with control valve is installed according to Factory
Mutual Engineering Association hydraulic design criteria for ordinary industrial
hazards.

* Manua fire darm stations are provided are provided at each exterior exit.

* Thefirealarm panel islocated in the publicly accessible area.

 The celing and mezzanine-level smoke-detection will interrupt power-supply
electrical feeds upon fire alarm.

 The celing level smoke detection will shutdown the heating, venting and air
conditioning (HVAC) air-handling unit upon fire alarm in order to comply with the
smoke control provisions of NFPA 90A, Chapter 4.

3.3. Design Features that Minimize Hazards and Prevent Pollution

The as-built characteristics that minimize the presence of hazardous environments
and ensure chemical and radiation exposures are kept as low as reasonably achievable
during operation, maintenance and facility modification are as follows:

Radiation Safety

» Dual, fal-safe interlocks are used on gate entrances.

* Interlocked access-key-trees are used to capture gate access keys.

» Anirisreader or asimilar bio-identification system is used to release an access key to
atrained individual.

» Crash cords are mounted inside the target cave and beam line.

* Interlocking area radiation monitors with pre-set trip levels are located throughout the
Booster Applications Facility.

* Audible and visual warnings are issued before re-enabling the beam line and target
cave to receive beam.

e The beam line and Target Room are fully enclosed to prevent access during
operations.

* Fencing isused to limit access to other radiological areas.

» Shielding isthick enough to prevent exposure to primary beam.

Airborne Hazards
* Hoods and individual laboratory ventilation are used for radioactive tracer materials
and hazardous materials in the Support Laboratories.
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* Air and short-lived airborne radioactivity are re-circulated to allow for decay in the
Booster Applications Facility beam line during operations. See Figure 3.3.a.
* Air emissions from the Target Room are vented to the outside. Airflow direction is

from the Support Laboratories into the Target Room and out the exhaust point. See
Figure 3.3.b.
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Figure 3.3.a Air Re-Circulation in the BAF Tunnel
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Figure 3.3.b Air Flow from Support Laboratories to Target Room
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ALARA

» Soil is capped with a water-impermeable membrane to prevent soil activation from becoming
aleachate that can reach groundwater.

* Multi-leg penetrations and labyrinths are used to minimize routine radiation levels.

* A re-entrant cavity and movable shield are used to minimize exposure to residua radiation in
the Target Room from beam stop radioactivity.

» A sample trandator or relay apparatus is used, when applicable, to minimize entrances to the
Target Room.

Electrical Safety

* There are no exposed conductors; all magnet buss work has covers.

» A sectionalizing gate divides the beam line and Target Room preventing inadvertent access
to energized electrical devices.

» TheNational Electric Code is enforced for all facility electrical distribution systems.

* In-house-built electrical devices are reviewed for compliance with the National Electric Code
by the Chief Electrical Engineer according to C-A OPM procedure.

» Fusing and other protective circuitry are used in experimental equipment in accord with C-A
OPM procedures.

» Accountable key systems, such as captive key or Kirk Key where a key must be physically
removed from one position and inserted in another lock to provide access, are used in accord
with SBMS/BNL ESH Standard requirements.

* There are emergency-off controls for power.

Life Safety and Fire Protection

* Manual fire darm stations are located adjacent to all exterior exit doors from the beam line,
Support Laboratories and Target Room.

» Firedetection, in the form of smoke detection, islocated throughout the beam line.

* Fireaarmsare provided.

» Fire sprinkler protection is located throughout the Support Laboratories and Target Room.

» Fire department hose standpipes are located at the entrances to the tunnel labyrinth and
Support Laboratories.

* Wet pipe sprinkler systems are hydraulically designed for 0.15 gallons per minute per square
foot over 2500 sguare feet of the most remote area with 250 gallons per minute for hose
streams.

» Exits meet the requirements of the Life Safety Code.

* Theuse of flammable liquids will be minimal. The anticipated useislessthat 1 quart in each
laboratory space as a solvent. Any use of flammable liquids follows BNL ES&H Standards /
SBMS requirements.

* Propane for Bunsen burners is either stored external to the Support Laboratory building or
contained within a continuously vented cabinet, which discharges to the outside.

» Emergency lighting is provided in the windowless beam line.
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» Fire extinguishers are provided throughout the complex with 75 feet as the maximum travel
distance to an extinguisher.

Liquid Effluents
* A sump and sump alarm are located in the beam line to capture cooling water should it leak.
« Al dram p| p| ngin thefaC|I|ty is connected to the BNL Sanltary Sewage System.

« Al cooI [ ng water systems have water make-up aI arms. @

» There are no outdoor tritiated water piping or cooling systems.

* Anisolated closed cooling-water system was used to reduce the volume of tritiated water.

* The domestic water supply is equipped with back-flow preventers to isolate the Booster
Applications Facility domestic water supply systems.

3.4. Collider-Accelerator Department’ s Organization

The Collider-Accelerator Department is administered and organized to assure safe
operation in accomplishing its mission. Itsmission isto:

* Excd in environmental responsibility and safety in all department operations.

» Develop, improve and operate the suite of proton/heavy ion accelerators used to carry out the
program of accelerator-based experiments at BNL.

» Support the experimenta program including design, construction and operation of the beam
transports to the experiments plus partial support of detector and research needs of the
experiments.

» Design and construct new accelerator facilities in support of the BNL and national missions.

In meeting its mission, the Collider-Accelerator Department is under aformal Conduct of
Operations Agreement with the Department of Energy.”® The documentation used to comply
with this agreement is the Collider-Accelerator Department Operations Procedure Manual,
Collider-Accelerator OPM,*® which specifies key procedures, chain of command, authorized
personnel and other operational aspects. The process used to assure that personnel are qualified
in safe operations is an extensive training program, including formal examinations to certify
operational qualifications where appropriate.

The Collider-Accelerator Department organization®’ is comprised of four Divisions, the
Accelerator Division, the Experimental Support and Facilities (ES&F) Division, the Controls
Division and the Environmental, Safety, Health and Quality (ESHQ) Division. It is the
responsibility of the Accelerator Division to bring the Siemens motor generator or Westinghouse
motor generator, TVDG, Linac, Booster, AGS and RHIC on line and to integrate the operation of
these machines into that of the complete facility. The beams from the operation of these
machines must be transported by operations through transfer lines; for example, TTB and AtR,
and to experimental areas; for example, TVDG Target Rooms, Booster Applications Facility
Target Room, Building 912 and Building 919 Target Rooms and at the RHIC intersecting

15 http://www.rhichome.bnl.gov/A GS/Accel /SN D/conductofops.htm Conduct of Operations Agreement
18 http://www.rhichome.bnl.gov/A GS/Accel/SND/procedures.htm Operations Procedure Manual
Y http://www.rhichome.bnl.gov/AGS/Accel/SND/OrgChart/OrgChart.pdf C-A Organization Chart
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lessard
Floor drains in the animal rooms in the Support Laboratories have covers.

lessard
-----Original Message-----
From: Kershaw, Maryann 
Sent: Thursday, March 27, 2003 9:34 AM
To: Davis, Mark
Subject: RE: NSRL Animal Facilites


Hey Mark,
I don't know why the floor drains were designated as a "pollution prevention design feature".  In the planning stages, I specifically requested no covers on the drains in the animal rooms so that we could easily wash down the floors - there will be no solid waste going into the floor drains, just soap and water. All animals are contained in individual polycarbonate cages and housed on stainless steel racks. Any animal waste bedding that falls on the floor will be swept up and discarded in the trash. To my knowledge, the animal waste is not considered activated. If it were, each animal would have to be surveyed and tagged by a qualified RCT. To date, all studies have been performed without taking such measures. If you have any other questions concerning animal issues, please feel free to contact me.
Best regards, 
MaryAnn
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regions. It is the responsibility of the ES&F Division to plan, design, build and maintain the
primary and secondary experimental beam lines and provide technica support for
instrumentation for experiments or accelerators. It is the responsibility of the Controls Division
to provide software and hardware support for the accelerators. It is the responsibility of the
ESHQ Division to provide environmental protection, safety and health related services to the
staff and experimenters. The ESHQ Division provides technical work products, training
services, referrals to outside professionals, documentation services, conventiona and
radiological safety services, environmental management and internal assessment resources to
help resolve problems and meet requirements.

3.4.1. Operations Organization Introduction

The RHIC, AGS, Booster, Linac and Tandem Van de Graaff operate through the
Collider-Accelerator Department Main Control Room in Building 911. The Collider-Accelerator
Department organization for operations is pictured in Figure 3.4.1. Responsibility for the safe
and reliable operation of the Collider-Accelerator Department complex resides with the on-duty
Operations Coordinator. The Operations Coordinator is the shift supervisor for the operating
personnel and the focus for al operations related questions. The Collider-Accelerator
Department complex is made up of a number of facilities that may include the TVDG, Linac,
Booster, AGS, the Main Magnet Power Supply, rf acceleration system, injection equipment,
extraction equipment, beam lines and the RHIC. Personnel that are responsible for the day-to-
day operations of these facilities are members of the Accelerator Division, the ES&F Division,
the ESHQ Division and the Controls Division. Additional personnel who support the operations
are members of BNL’s Radiological Controls Division, Environmental Services Division, Waste
Management Division and Plant Engineering Division.

Depending on operations, personnel available to the Operations Coordinator during
operations may include:

* TheMain Control Room Operators.

* The Collider-Accelerator Support who are responsible for experimental area systems and
beam line components.

» Power room operator who is responsible for the control of the Main Magnet Power Supply.

» Cryogenic Target Watch who are responsible for the operation of the liquid cryogenic
targets, if any.

» Cryogenic Control Room Supervisor and Operators who are responsible to operate the
refrigeration systems for cooling cryogenic magnets.

» Radiological Control Technician.

» Experiment Shift Leaders at the Collider.

* TVDG Control Room Operators.

Additional personnel available to the Operations Coordinator include the accelerator
physicists and equipment systems specialists. Systems specialists repair equipment necessary for
operations or provide trouble-shooting expertise when machine physics or equipment problems
arise.  Occasionally, it is necessary that parts of the accelerator complex be operated by
accelerator physicists or systems specialists. The rules governing access to accelerator controls,
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by such individuals, are found in the Collider-Accelerator OPM. |n order to be allowed access to

accelerator controls, accelerator physicists and systems specialists must:

» Recognize the role of the on-duty Operations Coordinator as the decision-maker regarding
the safe and reliable operation of Collider-Accelerator facilities.

» Follow the orders of the Operations Coordinator, or his designate, during an emergency.

* Not operate any access-control-system consoles unless authorized to do so by the Access
Controls Group Leader.

* Request permission to use the accelerator controls and state the purpose for the use of the
controls to the on-duty Operations Coordinator.
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Figure 3.4.1 C-A D Operations Organization
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3.4.2. Operations Authority

Safe operation and maintenance of the Collider-Accelerator Department's science
and technology (S&T) machines, injection systems, and experimental areas are under the
supervision of the Collider-Accelerator Department Chair, the Accelerator Division
Head, the Experimental Support & Facilities (ES&F) Division Head, the on-duty
Operations Coordinator, and the supervisory structure. See the Collider-Accelerator
Organization Chart.*®

Only authorized Department personnel operate the S& T machines. Direct daily
supervision of shift operations is the responsibility of the on-duty Operations
Coordinator. All Operators are authorized to shut down the S& T machines whenever an
unsafe condition arises, or whenever they think that continued operation is not clearly
safe. They are aso authorized to take any other corrective safety- or environmental-
protection-action as indicated in the Collider-Accelerator OPM.  All scheduled
operational-related maintenance is done with the authorization of the appropriate Work
Coordinator, with the work-control authorizations prescribed in the Collider-Accel erator
OPM and with the knowledge of the on-duty Operations Coordinator.

All operations have the appropriate authorization. Current holders of positions
are denoted in the Collider-Accelerator Organization Chart. The following operations
authorities are listed in the OPM:

* Department Chair Authorization

» Associate Chair Authorization

* Assistant Chair Authorization

» Division Head Authorization

* Group Leader Or Supervisor Authorization

* Authorization To Operate Systems

* S&T Machine Startup Or Restart Authorization

*  Work Control Authorization

» Maintenance Coordinator Authorization

* Authorization To Classify, Remove Or Designate Approva For Procedures

* Department Chair, Division Head, Group Leader, Committee Chair And QA
Authorization Of Procedures

* Committee Membership And Organization Chart Authorization

* Modification Of Training Authorization

» Authorization To Approve QA Leve Classifications

» Authorization To Approve Purchase Requisitions and Intra-Laboratory Requisitions
For ESHQ Compliance

» Authorization To Declare Systems As "Critical”

* Authorization To Approve Working Hot Permits & Procedures

* Authorization To Approve Lock & Tag Checklists

» Authorization To Approve Experiments

* Authorization To Approve New or Modified Accelerator Systems

18 http://www.rhichome.bnl.gov/AGS/Accel/SND/OrgChart/OrgChart.pdf C-A Department Organization
Chart
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3.4.3. Administration and Organization Of ESHQ

The administration of ESHQ a Collider-Accelerator Department is via a
hierarchy of documents. BNL Policies, BNL Standards of Performance, R2A2s, BNL
Management Systems, BNL Subject Areas, Collider-Accelerator Department Conduct of
Operations Agreement, Collider-Accelerator Department Facility Use Agreements, and at
the working level, department procedures (QA Manual, Operations Procedures Manual,
etc.).

BNL ESHQ Policies are the highest-level statements of BNL organization’s
philosophy for conducting business in a safe and environmentally sound manner. The
number of policies is smal. Policies are intended to form the complete set of
foundational philosophies upon which the Laboratory operates.™

Standards of Performance are BNL “requirements’ underlying Laboratory-wide
procedures. Standards of Performance are intended to set performance expectations for
BNL systems, managers and staff in accomplishing BNL Policies. By definition, the
term “staff” includes all BNL staff and managers. Standards of performance also apply
to those guests, visitors, and users who have a guest number and have been issued a DOE
photo identification badge. Standards of Performance are high-level behaviors by which
BNL carries out its policies, and are used to determine whether we are conducting our
business and ourselves consistently with our mission, values and aspirations.”

Therole, responsibility, accountability and authority statements (R2A2s) establish
the expectations and duties of managers and staff for carrying out the work consistent
with external and internal requirements.?*

Management Systems are designed to trandate the full set of externa
requirements into the information staff need to perform their work. Management systems
are BNL's highest-level operating and business processes.??

Subject Areas are prepared when the requirements, procedures and guidelines
apply to a broad group of staff across BNL. ?* If information only applies to a select or
small group of staff, alternate methods of communications exist, such as task- or group-
specific internal operating procedures.  Subject Areas provide Laboratory-wide
procedures and guidelines. They are developed to support the implementation of
Standards. Appendix 11 outlines the Collider-Accelerator Department strategy and
schedule for meeting requirements pertinent to commissioning and operating the Booster
Applications Facility, which are specified in the Accelerator Safety Subject Area.

In some cases, specific program description documents are used as the basis for
operations by discrete groups of BNL staff that perform key activities to operate the
processes and systems. In the case of the Collider-Accelerator Department, the basis for
operationsis defined in the Conduct of Operations agreement.?*

A Facility Use Agreement (FUA) is also established for the Booster Applications
Facility. The Collider-Accelerator Department Chairman, the Assistant Laboratory

19 https://sbms.bnl.gov/policies/cl00d011.htm BNL Policies

2 https://sbms.bnl.gov/perform/gstdd011.htm BNL Standards of Performance

2 https://sbms.bnl.gov/standard/0x/0x00t011.htm Roles, Responsibilities, Accountabilities and Authorities
% https://sbms.bnl.gov/mgtsys/ms00t011.htm Management System Descriptions

2 https://sbms.bnl.gov/standard/0000t011.htm Subject Areas

2 http://www.rhichome.bnl.gov/AGS/Accel/SND/conductofops.htm Conduct of Operations Agreement
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Director for Facilities and Operations, and the Deputy Director of Operations are the
agreement parties for the FUA. The FUA clearly documents the respective roles,
responsibilities and authorities for the Collider-Accelerator Department Chair and the
Assistant Laboratory Director for Facilities and Operations for all aspects of facility
operations. The DOE approved safety/authorization basis document for Booster
Applications Facility, which is the Accelerator Safety Envelope (ASE), is a referenced
attachment to the FUA. Facility Use Agreements (FUAS) define the operating
boundarizgs/requirements including roles and responsibilities for the Booster Applications
Facility.

Internal operating procedures include task- or group-specific procedures that are
used to implement management system processes. Collider-Accelerator Department
procedures typically affect only the Collider-Accelerator Department facilities, which in
this specific case is the Booster Applications Facility. The Collider-Accelerator ESHQ
Division ensures that Operations Procedures are current and that they are based on and
are not in conflict with the Laboratory-level governing documents.®

Each individual at the Collider-Accelerator Department is responsible for
knowing and observing the rules. If any trained personnel observe any potential hazards,
environmental problems or safety problems, then they must stop the work or activity and
report it. Supervisors are responsible for all activities conducted within their facilities.
Collider-Accelerator Department managers are committed to providing a safe and healthy
working environment for all staff; protecting the general public and the environment from
unacceptable environmental, safety and health risks; operating in a manner that protects
the environment by applying pollution prevention techniques to current activities; and
remediation of environmental impacts of past operations.

All Collider-Accelerator personnel are knowledgeable in applicable procedures
located in the Collider-Accelerator Operations Procedures Manual (OPM). The OPM is
designed to be a controlled document and to conform to quality assurance requirements
set down in the Collider-Accelerator Quality Assurance Procedures.”’

The Collider-Accelerator Department ESHQ organizations are indicated in Figure
3.4.3. Several key ESHQ organizations and programs are described as follows:

The Associate Chair for ESHQ is a member of the Collider-Accelerator
Department Chair’s Office. The Associate Chair’s functions are to implement new or
revised environmental, safety, health training and quality programs, to carry out the
leadership role for ESHQ, to inform personnel on the status of ESHQ, to establish
communications and to maintain existing ESHQ programs. The overall approach is to
integrate ESHQ into all work via formal Collider-Accelerator programs and procedures
designed to ensure BNL’s management systems are executed. BNL’S management
systems, which are located in the Standards Based Management System,? are in turn
designed to ensure that contractual requirements set by DOE are met.

% https://sbms.bnl.gov/private/fua/fa0t011.htm Facility Use Agreements

% http://www.rhichome.bnl.gov/A GS/Accel/SND/procedures.htm C-A Department Procedures

2" http://www.rhichome.bnl.gov/AGS/Accel/SND/procedures.htm C-A Quality Assurance Procedures
% https://sbms.bnl.gov/ch00d011.htm, BNL’s Standards Based Management System
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Figure 3.4.3 Representative Organization and Formal Programs for ESHQ at C-AD
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For DOE, “safety” encompasses environmental protection, safety and health,
including pollution prevention and waste minimization. DOE has identified five Core
Functions to manage “safety.” They are:

» Define the scope of work.

* ldentify and analyze hazards.

» Develop and implement hazard controls.

» Perform work within authorization agreement.
* Feedback and improvement.

DOE has identified seven Guiding Principles for performing the five Core
Functions. The first three Principles apply to all Core Functions, the others to specific
Functions given in parentheses:

» Line managers clearly responsible for ESH (all Core Functions).

» Clear ESH roles and responsibilities (all Core Functions).

» Competence commensurate with responsibilities (all Core Functions).

» Baanced priorities (define work).

* ldentify ESH standards & requirements (define work, identify hazards, develop
controls).

» Hazard controls tailored to work (develop controls).

»  Operations authorization (perform work).

The management system that includes the five Core Functions and seven Guiding
Principles has been named the Integrated Safety Management (ISM) by DOE. BNL'’s
management systems to implement 1ISM are located in the Standards Based Management
System (SBMS). SBMS is on-line with Hypertext links to all referenced documents.
The SBMS satisfies the contractual requirement for ISM. SBMS includes the following
principle ESH programs and management systems:

* BNL’sIntegrated Assessment Program.

o Laboratory level work-definition documents such as Subject Areas and BNL ESH
Standards.

* Facility Use Agreements (FUA'S).

* Role, Responsibility, Authority and Accountability documents (R2A2s) and
performance goals.

* Brookhaven Training Management System (BTMYS).

At the Department level, BNL ESH Standard 1.3.5, Planning and Control of
Experiments, is used by the Collider-Accelerator staff to guide experiments in order to:

» Determine the concept and scope of the experiment; assess for specia requirements,
review hazards and safety concerns.

» Develop an experimental plan and identify controls.

e Set up an experiment and obtain Experimenta Safety Review Committee
concurrence.

» Approve start-up and perform the experiment according to plan.

» Determine ways to improve next time.

In order to guide operations and maintenance of the accelerators, beam lines and
associated systems at the Department level, BNL ESH Standard 1.3.6, Work Planning
and Control for Operations, is used to:

» Define the scope of work in aWork Permit or establish the applicability.
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* ldentify the hazards viathe Work Permit process and perform a pre-job walk down.
* Usethe Work Permit processes to establish hazard controls and required training.

* Providethe pre-job briefing and perform the work according to plan/permit.

» Usethe Work Permit feedback process to identify ways to improve next time.

The Collider-Accelerator Department uses committees and ESH staff to define the
scope of the experiment or work, identify and analyze hazards and develop hazard
controls. The ALARA Committee, Experimental Safety Review Committee, Accelerator
System Safety Review Committee and Radiation Safety Committee meet requirements
established in BNL ESH Standards 1.3.5 and 1.3.6. These Committees are composed of
members of the Collider-Accelerator Department, other BNL scientific Departments, and
members of the BNL ESHQ Directorate. These Committees operate under a system of
formal proceduresin the Collider-Accelerator OPM.

Self-assessment and self-evaluation are carried out by individual Department
employees and by Collider-Accelerator’s Safety Inspection Committee, Shield Block
Inspection Committee and Quality Group. Formal procedures for conducting self-
assessment and self-evaluations are listed in the Collider-Accelerator OPM. Formal
tracking is via the Assessment Tracking System (ATS).%

3.5. Engineered and Administrative Controls Summary

The engineered controls for routine operation and emergency conditions are:

» Access Controls System - The purpose of this safety significant system is to prevent
inadvertent exposure to particle beams and to the secondary radiations produced from
the nuclear cascades following high-energy particle beam interactions. The Collider-
Accelerator Department Radiation Safety Committee (RSC) has defined the
classification of the Booster Applications Facility Access Control System and its
application. The RSC delineated the access, enclosure and minimum access-control
requirements for each category of radiation area at Booster Applications Facility, and
accounted for the potential levels of radiation during normal operations and the
potential radiation levels during fault or during abnormal conditions. Wiring
diagrams and functional tests are approved by the RSC. All Access Control System
wiring and testing is performed and documented by qualified technicians and
engineers in the Collider-Accelerator Access Controls Group. Changes to the system
are controlled according to requirements in the BNL SBMS, Collider-Accelerator
Department Quality Assurance Procedures and the Collider-Accelerator Operations
Procedure Manual. The basic layout of the Access Control System for Booster
Applications Facility is depicted in Figure 3.5.a. The Access Control System is a
QA1 system, and all drawings and components are configuration controlled.

% http://ats.bnl.gov/ Assessment Tracking System
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Figure 3.5.a Layout of Access Control System. Figure shows gates (BG#), video
cameras, bio-scanning device, key tree, crash buttons (CB#), interlock zones (Booster
Applications Facility-Z#) and crash operator-testing points (CO#)
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» Fire Protection System - The purpose of this safety significant system is to mitigate
fire damage and alert personnel to an immanent danger. The BNL Fire Protection
Engineer prescribed the fire protection requirements for the Booster Applications
Facility. The layout of the smoke detectors, sprinklers and purge exhaust fan for
smoke is shown in Figures 3.5.b, 3.5.c, 3.5.d and 3.5.e. The system was acceptance
tested by the Plant Engineering Division. System maintenance and testing is
performed by qualified Fire Alarm Technicians in the Plant Engineering Division.
Changes to the system are controlled according to requirements in the BNL SBMS
and the Plant Engineering Division’s Fire Alarm Inspection and Testing Procedures.
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Figure 3.5.b Smoke Detectors in the Tunnel
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Figure 3.5.c Smoke Detectors and Fire Alarms in the Support Laboratories
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Figure 3.5.d Sprinklersin Support Laboratories
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Figure 3.5.e Purge Exhaust System in Tunnel
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Beam Monitoring Systems — The purpose of these machine protection systems is to
minimize beam loss and to help provide the required beam on target. The Collider-
Accelerator Department management has required that inadvertent beam loss occur at
levels that are as low as reasonably achievable with operational, economic and
community factors taken into account. As a minimum, the Collider-Accelerator
Department has assigned the following responsibilities to the Accelerator Division
Head or his designate:

0 Determine acceleration, extraction and transport loss limits for setting
threshold valuesto activate alarms.

o Formally, approve changes to acceleration, extraction and transport loss limits
as operations evolve.

0 Determine appropriate instrumentation for measurement of the losses, and for
ensuring measurements are reviewed at appropriate intervals in order to
validate |oss assumptions.

0 Ensure alarm threshold values used by operations personnel are incorporated
into the appropriate computerized controls programs.

0 Ensurethat operations procedures contain loss limits.

0 Ensure response by operators to alarms is clearly written in procedures. Loss
problems must be corrected within minutes; otherwise, operators must reduce
the beam intensity to the affected area.

o Ensure authorization for any prolonged high-loss operation, with an alarm
present, comes from the Collider-Accelerator Department Chair and is
documented.

0o Ensure that the responsibility for maintaining loss-monitor systems is
assigned.

0 Ensure beam current transformers and loss monitors used to determine
operating efficiencies and losses undergo verification by the operations staff
in the control room at start-up of arunning period.

o Ensure residua radiation surveys on the Booster Applications Facility beam
line are made after the first operational running period in order to confirm loss
assumptions.

Activated-Soil Caps — The purpose of this engineered environmental control is to
prevent rainwater from seeping through activated soil-shields. The Collider-
Accelerator Department ensures leachate from activated soil due to rainwater or
storm water is prevented by a cap that has been applied to activated soil at Booster
Applications Facility to eliminate exposure to rainwater. The cap is designed to
incorporate the following criteria, which is a design practice given in the SBMS
Subject Areafor Accelerator Safety:

0 The peak rainwater infiltration rate is less than or equa to the infiltration rate
in 45 cm of low-permeability soil with hydraulic conductivity less than 1x10°
cm/sec with 2.54 cm of ponded water above the cap. This equates to an
allowable peak infiltration rate of approximately 1.0 cm/day. This is
approximately 0.3% of the infiltration rate for natural soils at BNL.

o The long-term average infiltration rate is less than 0.12 cm/year. This is
approximately 0.2% of the natural groundwater recharge rate at BNL.
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The requirements for calibration, testing, maintenance, accuracy or inspections for

the engineered safety systems necessary to ensure the operational integrity of the BAF
Safety Envelope are:

The Access Control System is functionally tested in accordance with requirements in
the requirementsin the BNL Radiation Control Manual.

Target Room and Support Building ventilation exhaust fans are to undergo annual
testing not to exceed 15 months.

BAF fire protection is to undergo annual testing not to exceed 15 months.
Arearadiation monitors are to undergo annual testing not to exceed 15 months.
Radiological barriers are to undergo annual visual inspection not to exceed 15
months.

Rainwater barriers for activated soil are to undergo annual visual inspection not to
exceed 15 months.

The administrative controls for routine operation and emergency conditions are:
Fire Hazards - Combustible material usage will be kept to a minimum level, as
dictated by the instrument and equipment needs. Substitution of non-combustible
materials will be done wherever feasible. Flammable materials cabinets are provided
asrequired. The Experimental Safety Review Committee will review all combustible
experimental materials. Fire hazards for the facility are addressed in detall in the
Booster Applications Facility Fire Hazard Analysis Document, Appendix 8.

Magnetic Fields - Magnets are used in the beam line. Any significant magnetic fields
produced by these magnets are contained within beam line enclosures or limited
access areas. Areas where the magnetic fields are greater than 0.5 mT (5 Gauss) are
posted with warning signs for personnel with pacemakers or other medical implants.
Medical evaluation and training of personnel with such devices is required before
entry into the areas. Training and evauation of work practices is required for al
personnel expected to be exposed to magnetic field strength greater than 60 mT (600
Gauss). Training includes the possibility of injury due to magnetic forces on objects.
Electrical Safeguards - Electrical safety implementation is covered by Collider-
Accelerator Department Operations Procedure Manual. Lockout/Tagout (LO/TO)
procedures are followed for areas where electrical hazards are present. Workers who
perform work on electrical systemswill have LO/TO training as specified by BNL. If
it is necessary to work on any equipment while it is energized, a Working Hot Permit
will beissued.

Protective Clothing - Any use of chemicals, hazardous materials or cryogens will
require review for personnel protective equipment. The clothing for a particular
application is selected considering the expected hazards; a variety of clothing will
likely be needed to meet all hazards. Heat stress is considered in specifying
protective clothing requirements.

Material Handling - All material handling at Booster Applications Facility will be
conducted in accordance with procedures in the Collider-Accelerator Department
Operations Procedure Manua, and the DOE Hoisting and Rigging Manual.
Positioning of equipment may require the use of forklifts, overhead cranes and
specialized lifting equipment. All personnel operating such equipment will be trained
by the BNL Training Group. All material handling equipment will be inspected by
appropriate BNL personnel.
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Elevated Work - Any work required at levels more than four feet above ground level
will undergo Work Planning and fall protection evaluation.

Emergency Procedures - Emergency response is governed by procedures in the
Collider-Accelerator Department Operations Procedure Manual. The emergency plan
covers possible hazards, emergency signals and expected responses. Each building at
the Collider-Accelerator Department complex has signs posted indicating the
emergency assembly areas, and the name and number of the Local Emergency
Coordinator. The Local Emergency Coordinator is familiar with the hazards in the
building, the utility locations and shut-offs, and any spill response supplies available.
The Local Emergency Coordinator assists the Fire Rescue Group Incident
Commander in responding to any incidents at the facility. The Booster Applications
Facility has a separate emergency procedure in Section 3 of the Operations Procedure
Manual in order to document area-specific emergency information.

Radiation Protection — The radiation protection program at Collider-Accelerator
Department is in accord with the BNL Radiological Control Manual®, which in turn
complies with Title 10 Code of Federal Regulations Part 835, Occupational Radiation
Protection. The Collider-Accelerator Department’s Operations Procedures Manual
includes task- or committee-specific radiological procedures that are used to
implement the BNL radiological control system.

3.6. Critical Operations Procedures

Specific operations procedures that prevent or mitigate accidents are related to

resetting the Access Control System to enable beam. These procedures involve clearing
(sweeping) personnel from beam lines before enabling the beam line for potential
operations. These procedures are found in Chapter 4 of the Collider-Accelerator
Operations Procedure Manual. The basic principles behind the authorization and use of
these procedures are:

Wording must be consistent throughout the entire set of sweep procedures for the
Collider-Accelerator Department; that is, specific terms must mean the same
regardless of the location of the area being cleared of personnel.

Before resetting for beam, it must be clear to the operator which sweep procedure
from the set of sweep procedures applies under every access condition encountered in
thefield. If not, then the areais not reset for beam.

Checklists are checked-off by the operations staff performing the sweep at the
completion of each sequential step in the procedure.

Annua re-training of operations personnel in access control procedures must be
performed.

New or modified sweep procedures must receive an independent review by the
maintenance staff or their representative; these are staff normally cleared (swept)
from the area.

If the Operations Coordinator assigns a gate watch to record access and egress, then
the gate watch task is solely to count personnel into and out of the interlocked area.

% https://sbms.bnl.gov/program/pd01/pd01t011.htm BNL Radiological Control Manual.
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No other duties may be assigned to the gate watch such as checking training records
or checking personnel dosimeters.

3.7. Experiment Design Criteria

Liaison Physicists, Liaison Engineers, Experiment Spokespersons and members
of the Collider-Accelerator Experimental Safety Review Committee (ESRC) have
primary responsibility for reviewing an experiment to ensure it meets design criteria.
Experiment review within the Collider-Accelerator Department has many steps. A flow
diagram of the experiment review process is shown in Figure 3.7 and it applies to the
Booster Applications Facility experimental program as a whole. If there are no
significant modifications or program changes to the experimental area during any given
year, then the last 10 steps shown in Figure 3.7 are repeated before each running period.
If proposed modifications or program changes to the experimental area exceeds the
Accelerator Safety Envelope, then the whole process represented in Figure 3.7 is
repeated.

It is noted that step 5 in Figure 3.7, Program Committee review of each
experiment, also re-occurs before a running period. Only NASA-funded or NASA-
approved investigators are eligible to submit proposals, and NASA carries the out peer-
review for scientific merit. The Program Committee at BNL is the BNL Scientific
Advisory Committee for Radiobiology. This Committee was established to advise the
Associate Director for High Energy and Nuclear Physics on the scientific merits of
biology-related experiments involving the use of particle accelerator beams in the
Collider-Accelerator Department. Proposals approved by NASA are reviewed by the
BNL’s SACR for feasibility at BNL, and SACR suggests a priority of the experiments
based on feasibility and importance to NASA.
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Figure 3.7 Collider-Accelerator Department Experiment Review Process
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The experiment design criteria complies with Laboratory requirements for
planning and control of experiments as given in ESH Standard 1.3.5. However, the term
Liaison Physicist as used within the Department is equivalent to the term Experiment
Review Coordinator as used in ESH Standard 1.3.5. The term Experiment Spokesperson
is equivalent to the term Lead Experimenter as used in ESH Standard 1.3.5.

At Collider-Accelerator Department, an experiment or experimental area may lie
dormant for a period greater than one year between runs and not require a review during
the dormancy period. The Department reviews each experiment or experimental area
such as the Booster Applications Facility before a scheduled running period. The running
period may be continuous for many months and overlap a fiscal year or a calendar year.
A second annual review would not be required if Booster Applications Facility is in
continuous operation for longer than 12 months and there are no significant changes to
the experiment area. A running period significantly longer than 12 months is extremely
unlikely for a facility like the BAF. On the other hand, if the Booster Applications
Facility schedules more than one unique running period within a 12-month period, then
review by the Experimental Safety Review Committee will occur before each scheduled
run.

The Collider-Accelerator Experimental Safety Review Committee assures that the
experiment’s design does not exceed the approved Accelerator Safety Envelope, or the
scope and impacts described in any pertinent National Environmental Policy Act
document such as the Environmental Assessment. For "critical" safety items, defined as
items that must be closed out before start of operations of the experiment, the Liaison
Physicist is responsible for ensuring closeout. The Collider-Accelerator Department
Chair approves all experiment installation and the start of experimental operations before
each running period.

Before the ESH review, the Liaison Physicist, Liaison Engineer and/or the
Experiment Spokesperson provide written descriptions of ESH issues and protective
systems. Based on this written description, special subject-matter experts are called to
join the Experimental Safety Review Committee for advice or review on an ad hoc basis.
The experimenters are not allowed to operate or change experimental parameters beyond
their approved ESH envelope until satisfactory review by the Committee and until the
Experiment Spokesperson fulfills or resolves al pre-start Committee recommendations
and closes al outstanding items. For changes beyond the approved envelope, the Liaison
Physicist or the Experiment Spokesperson are responsible for notifying the ESRC Chair,
or the C-A Associate Chair for ESHQ, early in the planning phase. For non-commercial
experimental devices, the Liaison Physicist is requested to obtain a certification of the
device from the Collider-Accelerator Department’s Chief Electrical Engineer or Chief
Mechanica Engineer. Chief Engineer certification procedures are defined in the
Operations Procedures Manual.**

The Experimental Safety Review Committee must document an environmental
evaluation for each experiment in conformance with requirements in BNL's SBMS
Subject Areas. Any materials presenting environmental considerations if released are
examined. For example, the Committee or their designate, who is the Environmental
Compliance Representative to the Collider-Accelerator Department, evaluates the

3 http://www.rhichome.bnl.gov/AGS/Accel/SND/OPM/Ch09/09-02-03.PDF Procedure for Chief
Engineersto Certify Conformance of Devices
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potential consequences of a break in a buried pipeline, a spill onto soil, or an accidental
release to the air, sanitary sewer or storm drain, and any non-radioactive air emissions,
radioactive air emissions, or liquid effluents.

Experimental procedures must comply with Conduct of Operations requirements
for emergency procedures, operating procedures, training requirements and experienced
staff during running periods. This is accomplished using the Work Planning for
Experiments procedure in the Operations Procedure Manual .

Pollution prevention is examined by ensuring experimental activities that involve
purchasing, using or disposing of hazardous material and/or radioactive material are
reviewed to reduce waste generation whenever possible. The Experimental Safety
Review Committee considers measures to avoid or reduce the generation of hazardous
substances, pollutants, wastes and contaminants at the source. The experimenters must
have plans to reuse, if practical, hazardous material that cannot be eliminated, and have
plans to treat the remaining waste to reduce the volume, toxicity or mobility before
storage or disposal. The Committee also ensures that experimenters have identified a
disposal path for all anticipated wastes before the experiment.

Finally, the Experimental Safety Review Committee ensures that relevant Facility
Use Agreements™ are updated whenever affected by a modification to the Booster
Applications Facility experimental areas.

3.7.1. Characteristics of the Experimental Equipment, Systems and Components
Having Safety-Related Functions

High-precision irradiations are permitted by providing beams with a single ion with
a narrow beam-energy width, free of neutrons and charged-particle fragmentation products
and beams in a wide range of diameters. The basic beam parameters, which are beam
energy, beam intensity, beam-profile flattening, and beam diameter, are al adjustable within
the Booster or in the Booster Applications Facility transport line with a wide dynamic range
for each parameter. The Booster Applications Facility does not include any compensators
for beam energy or beam profile, or any mechanical collimators or absorbers beyond the last
bending magnet.

The layout of the Target Room is shown in Figure 3.7.1.a. A deeply recessed and
well-shielded beam dump at the end of the Target Room prevents fragment products and
backscattered particles from reaching the target. The beam dimensions will be adjusted to
the target to minimize interaction of the beam with the target holder. If atarget backing is
necessary, such as the backing of the cell-culture targets, then the backing is made with the
lightest materials possible. Other features of the Target Room that were introduced to
facilitate safety during the experimental work are the following:

* The entrance to the room is gained through a maze. Therefore, entrance to the room
after the completion of irradiation requires only opening of the interlocked safety
partition and not any heavy shielded doors.

* The target holder is positioned by stepping motors controlled by the computer. Video
cameras alow monitoring of the process from outside the Target Room.

* The Target Room is conveniently connected to the support laboratories, Figure 3.7.1.b.

% https://sbms.bnl.gov/private/fua/fa00t011.htm BNL Facility Use Agreements



BAF SAD Chapter 3 57 Revision 1 6/15/01

Figure 3.7.1.aBooster Applications Facility Target Room, Side and Plan Views
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The Support Laboratories as shown in Figure 3.7.1.b lead to the Target Room, which
is connected via a central hal. The Support Laboratories layout maximizes use of beam
time and facilitates experimental design and execution. All experimental rooms access the
maze leading to the Target Room via the centrd corridor. A dosimetry room contains
dosimetry computers, and communicates electronically with both the Collider-Accelerator
Main Control Room and the user experiment rooms. Two rooms are provided for both the
cellular experiments, and for anima studies; alowing one group to set up samplesin an
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experimental area while the previous group uses another experimental room, concludes their
experiments in an ordered fashion, and takes al necessary time points. To comply with
regulations for maintenance of animal facilities, a wash facility is provided off a side
corridor onto which the animal experiment rooms also open. A janitor’s closet is provided
for storage of cleaning equipment and supplies. Further description of hazards in the A and
C laboratoriesis given in Section 3.7.2, and the requirements for review of activitiesin these
roomsisgiven in Section 3.7.3.

A Biophysics/Physicg/Electronics experiment room, laboratory B, alows studies of
effects on materials and electronics. Two whedl-chair-accessible rest rooms are accessed
from a side corridor. A user room is provided for the investigators before and after beam
use. To minimize cable length, the physics control room and the physics and electronics
experiment rooms are in proximity to the gate leading to the maze. Two service entrances
are provided with drive-up access and overhead shelter to allow off-loading of experimental
samples and equipment in all weather conditions.

The Biophysics/Physics/Electronics Room, laboratory B in the Laboratory
Support Building, is the staging location for studies of shielding materials or for studies
on the shielding characteristics of space-bound solid materials. Experiment proposals
associated with these types of studies are reviewed for science and feasibility by the
SACR, and for safety and environmental issues by ESH specidists a the C-A
Department. See Table 3.7.3 that shows the path from SACR to the C-A Work Planner
for safety review and the C-A Environmenta Compliance Representative for
environmental review. Since these experiments do not involve biological materials and
usually do not require laboratory space in the Biology or Medical Departments, Life
Sciences Directorate Experimental Reviews and BNL institutional reviews, as described
in Section 3.7.3, are not applicable.



BAF SAD Chapter 3 59 Revison 1 6/15/01

Figure 3.7.1.b Booster Applications Facility Support Laboratories

FRONT PARKING LOT

[E-15 o

SUPPORT BUILDING 958

4,560 30. FT.}




BAF SAD Chapter 3 60 Revision 1 6/15/01

The liaison physicist and the liaison engineer for the Booster Applications Facility
presented the shielding design to the Collider-Accelerator Radiation Safety Committee,
who reviewed the shielding against established criteria. A representation of the shielding
isshown in Figure 3.7.1.c. Specific calculations of dose equivalent outside the shielding
are found in Appendix 1. Specific estimates of the induced activity in the beam stop and
resultant dose rate inside the Target Room are provided in Appendix 7. The Radiation
Safety Committee concluded that the shield:

» Limitsthe annual site-boundary dose equivaent to less than 5 mrem.

* Limits the annual on-site dose equivalent in non-Collider-Accelerator facilities to 25
mrem per person.

e Limits the maximum accumulated dose equivalent to any area where access is not
controlled to less than 20 mrem during afault condition.

* Makes the dose equivalent rate as low as reasonably achievable (ALARA) and in no
case is it greater than 0.5 mrem in 1 hour or 20 mrem in 1 week for continuously
occupied locations.

» Makes the dose equivalent rates where occupancy is not continuous ALARA and in
no case alows greater than 1 rem in 1 year for whole body radiation, or 3 remin 1
year for the lens of the eye, or 10 rem in 1 year for any organ or tissue.

During the review, the Radiation Safety Committee examined the layout of the
experimental area and the beam transport system. Possible radiation sources during fault
conditions were examined. These possible sources included apertures, collimators,
instrumentation, valves, magnets, targets, detectors and beam scraping in the beam
transport pipe. Sources caused by improperly adjusted beam elements were also
considered. Based on shielding and experimental requirements, the Committee then set
the normal operating parameters for the Booster Applications Facility into the Committee
records. For example, the Radiation Safety Committee approved primary beam energy,
particles per second on target and the target parameters such as beam spot size. The
Committee also established the radiological classification for Booster Applications
Facility areas; that is, they reviewed and approved all designated Controlled Areas,
Radiation Areas and High Radiation Areas. Area classifications were established for
both normal and abnormal operating conditions.

On this basis, the Chair of the Collider-Accelerator Department’s Radiation
Safety Committee and the Associate Chair for ESHQ approved the shielding design and
the shielding prints. The shielding prints were placed in configuration control, were
assigned an identifying number and became a permanent record of the shielding for the
Booster Applications Facility.

The Radiation Safety Committee also reviewed and approved the Access Control
System for the Booster Applications Facility beam line and Target Room. They
approved the critical devices and they established the conditions that the Access Control
System must monitor; for example, the electric current on beam elements, the position of
moveable beam components, and the position of access gates. They established the alarm
level and interlock level for Chipmunk area radiation monitors. The Radiation Safety
Committee also reviewed and approved the required fault studies. During the
commissioning period, radiation surveys and fault studies will be conducted at Booster
Applications Facility by the Radiation safety Committee to verify the adequacy of the
shielding and the radiological area classification.
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Environmental issues were also considered by the Radiation Safety Committee
including soil activation, air activation, ground water activation and erosion of the soil-
shield. The position of the protective geo-membrane cap that prevents rainwater leaching of
the activated soil is show in Figure 3.7.1.c. Groundwater activation estimates are given in
Appendix 1. Airborne activity estimates are given in Appendix 4. The soil-shield berm is
re-vegetated and inspected routinely for soil erosion.
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Figure 3.7.1.c Booster Application Facility Berm Shielding and Cap Position
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3.7.2. Biologica Safety

The BAF user community determined their needs for biological support in proximity to
the Target Room. For the mgjority of users, long-term experimental procedures will be carried
out in their own ingtitutions and in NASA-sponsored laboratories in the BNL Medical
Department or Biology Department; BAF will provide only short-term holding facilities for
biological specimens.

The experimental systems that the users proposed to investigate included:

»  Cultured non-human mammalian cells

» Cultured human cells

* Primary human cells such as small samples of blood obtained in medical facilities under
Institutional Review Board™ approval and transported to BAF by approved means

» |solated non-hazardous biological molecules, e.g., DNA

e Standard laboratory animals such as Drosophilae (fruit flies), Nematodes (worms), chickens,
rats and mice; investigators did not plan to use larger animals

* Non-biologica materials such as shielding, space-suit materials and electronics including
dosimetry equipment

Specific biological materials beyond those described here will be reviewed on a case-by-
case basis by the BNL IBC.

Many of the cell systems used are Biosafety Level 1. However, the potential handling of
human blood in the facility dictated that a Biosafety Level 2 facility be provided. Biosafety
Level 2 practices, equipment and facilities are appropriate when any work is done with human-
derived blood, body fluids or tissues where the presence of an infectious agent may be
unknown.*

For Biosafety Leve 2, facility design specifies that the cell rooms are separated from
genera public access areas and hand washing facilities be provided. To minimize external
contamination of critical samples by increasing ease of facility cleaning and maintenance, scrub-
able walls and poured-resinous seamless floors with closeable drains are specified. To prevent
contamination, the Cell Facility has air circulation and ventilation that are separate from that of
the Animal Facility. No extra biological hazard would be encountered if the ventilation system
went off. However, the use of the Bunsen burner should be limited or ceased. All materias,
including Regulated Medical Wastes, will be transported by the users back to the long-term
facilities in the BNL Medica Department, and these transportation activities will be reviewed
and approved during Experimental Safety Review. Transportation activities shall be in accord
with SBM S Subject Area requirements.

Safety equipment includes Class |1 biological safety cabinets to provide significant levels
of protection to laboratory personnel and to the environment when used with good
microbiological techniques as well as protect the experimental samples from externa
contamination. Personal protective equipment (PPE) such as laboratory coats, gloves and safety
glasses will be available. The Biological Safety Cabinet specified will be a Class 11, Type A
cabinet. It isappropriate for Biosafety Levels 2 and 3, but is not designed for volatile chemicals,
as it re-circulates the air through a HEPA filter into the laboratory. A separate chemical hood

% BNL Institutional Review Board (IRB) https://sbms.bnl.gov/ld/Id16//d16d051.htm

% Biosafety in Microbiological and Biomedical Laboratories (BMBL) 4th Edition, HHS, CDC, U.S. Government
Printing Office, April, 1999 http://www.cdc.gov/od/ohg/biosfty/bmbl4/bmbl4toc.htm
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designed for the use of small quantities of volatile chemicals has been reviewed by BNL's
Industrial Hygiene Group and will be located near the cell rooms. The hood is small enough to
be classified as equipment and is not part of the facility structure.

Laboratory practice and technique used in the BAF will be standard microbiological
practices and techniques. Persons using blood or other tissues with the possible hazard of Blood
Borne Pathogens will receive appropriate training. All experiments using human cells and
tissues will be reviewed by the BNL IRB as well as the IRB of the Users' institutions, as
appropriate.

Laboratory-animals will be kept in the BAF for less than 24 hours and for USDA
regulated species will be kept less than 12 hours. The anima facility was designed and
constructed to facilitate cleaning and housekeeping. This includes poured-resinous, seamless
floors and washable walls. The facility has its own entrance, and the wing of the BAF
containing the animal facility is closed from the general corridor by double doors. The facility
has its own air handling system, which is vented away from the intakes of the other air handling
systems. No studies of infectious agents are anticipated. Animals and cages will be returned to
the BNL Medical Department. Hot water hoses will be available for washing animal racks at
BAF. Theanimal facility will be routinely monitored by BNL’s Security Services Division.

There is no need to prohibit animals from the BAF in case of ventilation problems due to
the limited amount of time animals will be housed there. The facility has locks on the doors and
a card reader at the entry. All personnel entering the BAF animal facility will have previously
been issued keys or key cards, and placed on afacility access list.

For non-biological materials, such as shielding, space-suit materials and electronics, no
biological hazards are anticipated.

Access to the facility will be by card issued on a need-only basis. Transportation of
experimental samples/ equipment, etc. to or from BNL will be by DOT rules; investigators are
informed of this requirement when they register via the BNL Guest Information System and by
the C-A Safety Review Form. They are required to state their arrangements for such
transportation. Regulated medical waste and any Biohazards on-site will be transported, after
appropriate packing, labeling and documentation of the material, according to BNL requirements
in the SBMS Subject Area.

Current users have not proposed the use of recombinant DNA materials at BNL. In the
context of the National Institutes of Health (NIH) Guidelines, recombinant DNA molecules are
molecules that are constructed outside living cells by joining natural or synthetic DNA segments
to DNA molecules that can then replicate in a living cell. Although improbable, some
recombinant DNA may cause serious or lethal human disease. If use of recombinant DNA
materials prepared at a user’s home ingtitution is proposed, then the user will submit a copy of
the home institution’s Institutional Biosafety Committee (IBC)> approval. Additionally, a copy
of the risk assessment analysis, a transportation plan in accord with DOE and International Air
Transportation Association rules, and a description of the material must be forwarded to the BNL
IBC for their consideration and approval before approval to bring such material to the BAF is
given. It is unlikely that recombinant material will be constructed at BNL; however, any such
experiments would be reviewed by the BNL IBC and NIH Guidelines shall be followed.*

* |nstitutional Biosafety Committee https://sbms.bnl.gov/Id/Id16/1d16d341.htm
% NIH Guidelines for Research Involving Recombinant DNA Molecules
http://www4.0d.nih.gov/oba/rac/guidelines GUIDELINjanOlrev.pdf
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3.7.3. Experiment Hazards and Controls

The following hazards are summarized for experiments:
» Biohazards
* lonizing radiation
* Volatile chemicals

The following hazard controls are summarized, in no specific order, for the experiments
at BAF:
 Memorandum of agreement between Biology, Medical and C-A Departments listing
responsibilities and authorities
* Only NASA-funded or NASA-approved investigators are eligible to submit proposals
* NASA carries out peer-review for scientific merit
* Proposas are reviewed by the BNL’s SACR for feasibility at BNL, and SACR suggests a
priority of the experiments based on feasibility and importance to NASA
» User completes a safety review form indicating hazards brought to BNL for each experiment
* IRB review for human cell and tissue experiments
* IBC review for experiments using recombinant DNA
* |IACUC review for animal experiments
» Environmental Compliance Representative review of each experiment
* Medica and Biology Department’ s Experimental Safety Reviews
» Commitments and Expectations Agreement signed by each user
* Experiment work plan that is signed by each user that covers allowed work
* Building Manager assigned to BAF Support Laboratories
* Facility Use Agreement for BAF Support Laboratories
* Annua facility-specific user training for BAF for each user
»  Other appropriate BNL training for guests
» Tracking system to ensure training is completed
* Formal schedule for experiment irradiations
* Annua review of the experimental areas by the C-A Experimental Safety Review Committee
* Quarterly review of the experimental areas by the C-A Safety Inspection Committee
» Biological Safety Cabinet, Class|l, Type A, inthe BAF Support Laboratory
» Biosafety Level 2 facilitiesin the BAF Support Laboratories
* HEPA filtered animal labs
» Segregated ventilation systems in the BAF Support Laboratories
e Lab coats, gloves and safety glasses and other appropriate PPE for users
* Bio-scanning device and key tree for user entry to BAF Target Room
» Card reader for user entry into the BAF Support Laboratories
A functional flow chart depicting responsibilities of the users and the reviewers, in the
order they are performed, is shown in Figure 3.7.3. It is noted that activities at the BAF that are
outside the boundaries for experiments described in Chapter 3 of the BAF SAD shall be
reviewed by the C-A Experimental Safety Review Committee regardless of other reviews by
BNL Committees or the Biology and Medical Departments. The following acronyms apply to
Figure 3.7.3:
* ALD - Associate Laboratory Director
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* C-A —Collider-Accelerator

* ECR - Environmental Compliance Representative

* ESH — Environment, Safety and Health

* ESHQ - Environment, Safety, Health and Quality

* ESRC - Experimenta Safety Review Committee

* HENP - High Energy and Nuclear Physics

* |ACUC —Institutional Animal Care and Use Committee
» |IBC—Ingtitutional Biosafety Committee

* IRB —Ingtitutiona Review Board

* MCR - Main Control Room

* RSC — Radiation Safety Committee

* SACR - Scientific Advisory Committee for Radiobiol ogy
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Figure 3.7.3 BAF Functional Responsibilities for Experiments
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4. Chapter Four, Safety Analysis

4.1. Introduction

The Booster Applications Facility design is based upon successful designs
employed at other BNL accelerators and experiments, and therefore, has the same
favorable safety characteristics. The basic approach for the safety analysis has been to
review the potential hazards for each major segment of the facility. Hazard analysis is
the standard method for applying the DOE graded approach for minimizing risk. It is
well suited to identifying and understanding risk because it requires consideration of both
the likelihood and the potential consequences of hazards. The product of likelihood and
consequence constitutes the risk. When using risk as the measure of acceptance, the
allowable consequences for lower likelihood events are higher than for the higher
likelihood events. In the hazard analyses presented in this chapter, the approach has been
to evaluate the risk and to identify preventive and mitigating features that ensure that risk
is acceptably low. Because the Booster Applications Facility project is following
consensus codes and standards, standard industrial hazards are addressed and risks
minimized without the need for detailed hazard analyses.

4.2. Hazard Analysis Approach

Hazard analyses include hazard identification and screening, assessment of the
potential consequences of unmitigated risk, identification of relevant and effective
mitigation/preventive measures, and finaly, assessment of mitigated risk. Hazard
analysis makes it possible to understand the risk and make informed risk acceptance
decisions. It is desirable to be able to show that the Booster Applications Facility risks
are in the “extremely low” category (see Table 4.2), and an effort to do so has been made
in this section of the SAD. The hazard identification process used the Booster
Applications Facility design and operating information; BNL site documents; facility
walk-downs to identify potential hazards within the complex that could adversely affect
the workers and environment; and discussions with the engineers and users of the Booster
Applications Facility. The hazards evaluation process is alargely qualitative assessment
of potential accidents or impacts in terms of hazards, initiators, likelihood estimates,
preventive or mitigating features and public, environmental and worker consequence
estimates. A maximum credible accident scenario is presented later in this chapter, the
consequences of which bound all those to workers, the public and the environment. The
results of these analyses confirm that the potential risks from Booster Applications
Facility operations are extremely low. The hazards involve those present at existing BNL
accelerators and experiments such as radiation, chemical, biological, electrical, magnetic
fields, rf fields, energy sources, material handling, heights, rotating equipment, fire,
explosions, natural phenomena, steam, heat and cold, confined spaces, lasers, compressed
gas, etc. There are no unique hazards that are not already dealt with in a safe and
efficient manner.
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Table 4.2 The Risk Matrix
Consequence
Leve
High M€ b Low Risk — Medium Risk- | High Risk- High Risk-
Acceptable Unacceptable Unacceptable Unacceptable
Medium Extremely Low Risk — Medium Risk- High Risk-
Low Risk - Acceptable Unacceptable Unacceptable
Desirable
Low Extremely Extremely Low Risk — Medium Risk-
Low Risk - Low Risk - Acceptable Unacceptable
Desirable Desirable
Extremely Extremely Extremely Extremely Low Risk —
Low Low Risk - Low Risk - Low - Acceptable
Desirable Desirable Desirable
Extremely Unlikely Anticipated "¢ | Anticipated "2
Unlikely (Between 10y | Medium High
(<10*y) and 10%ly) (Between 10y | (Above 10y)
and 10y)
Likelihood of Occurrence >

Note 1. Definition of Consequence Levels -

Extremely Low: Will not result in asignificant injury or occupation iliness or provide
asignificant impact on the environment.

Low: Minor onsite with negligible or no offsite impact. Low risk events are events
that may cause minor injury or minor occupational illness or minor impact on the
environment.

Medium: Medium risk events are events that may cause considerable impact onsite or
minor impact offsite. Medium risk events may cause deaths, severe injuries or severe
occupational illness to personnel or major damage to afacility or minor impact on the
environment. Medium risk events are events from which one is capable of returning
to operation.

High: High-risk events may cause serious impact onsite or offsite. High-risk events
may cause deaths or loss of facility/operation. High-risk events may cause significant
impact on the environment.

Note 2: 10CFR835 may require limits that are more stringent for anticipated events.
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4.3. Genera Approach to Risk Minimization

Hazard identification produces a comprehensive list of hazards present in a
process or facility, and the screening phase removes all hazards that are below athreshold
of concern, or that are covered by recognized industrial codes and standards. The hazards
that are “screened out” do not need to be studied in detail because their risks are already
well understood and acceptable. This process is a creative multi-person examination of
the processes, operations and experiments related to Booster Applications Facility. A
hazard is a source of danger with the potentia to cause illness, injury or death to
personnel, damage to an operation or cause environmental damage.

For each screened hazard retained for detailed hazard analysis, the unmitigated
risk is first evaluated in terms of likelihood and consequence. This evaluation is done
using professional engineering judgment based on experience with other BNL
accelerators and experiments. This places the hazard on the risk matrix (see Table 4.2).
The following assumptions govern the determinations of unmitigated risk:

* Theunmitigated risk does not include safety or control systems.

» Assigned frequencies are based on engineering judgment.

» Assigned consequence can be qualitative, but must be conservative.

* If the unmitigated risk is extremely low, then the analysis can stop at this point.
Otherwise, one proceeds to the evaluation of mitigated risk.

The unmitigated risk is reevaluated considering the preventive and mitigating
factors in place that would either reduce the consequence or reduce the frequency. This
should move the location on the risk matrix based on assumed conditional probabilities of
failure for the mitigating systems. At this point, the mitigated risk should be either low or
extremely low. For low risk, the evaluation of the hazard is reviewed to determine if
there are additiona preventive or mitigating features that could be credited to bring the
risk to extremely low. The last step is to determine if it is necessary to designate any
Safety Significant equipment, make commitments for formal administrative controls, or
specify limits for operation.

The purpose of Safety Significant designation is to highlight a minimum number
of structures, systems or components needed to ensure safety. The number of designated
Safety Significant items and administrative controls and limits must be minimized so that
they can be treated specially and considered for incorporation in the Accelerator Safety
Envelope (ASE), appropriate procedures and/or quality assurance documents.

If the unmitigated consequence is fatal for one or more persons or a significant
environmental impact can occur, then a Safety Significant designation, in general, should
be made. If there are several mitigating or preventive features, and any single one can
control the hazard adequately, then it may not be necessary to designate a Safety
Significant feature.

Table 4.2 dlows binning of the hazardous event by its risk, which is a
combination of the consequence of the hazardous event and its likelihood of occurrence.
Some of these combinations are deemed acceptable, meaning these lower risk bins are
adequately addressed by the qualitative hazard evaluation process. Other, higher risk
bins are labeled unacceptable because the accidents within these bins require additional
guantitative analysis to determine the true mitigated risk.
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4.4. Risk Minimization Approach for Radiation Hazards

The risk of a serious radiation injury at BNL accelerators, including Booster
Applications Facility isinsignificant. However, for radiation exposure it customary to go
beyond the scope of Hazard Analysis to demonstrate that transient events, such as
credible beam faults, do not cause annual radiation dose goals or requirements to be
exceeded. The specia status of radiation hazards is exemplified in the As Low As
Reasonably Achievable (ALARA) requirement in the BNL RadCon Manual that
exposure to radiation is to be minimized and driven as far below the statutory limitsasis
practicable. Some Booster Applications Facility areas are controlled access areas. The
radiological areas (Controlled Area, Radiation Area, etc.) are established to control the
flow and behavior of workers in each area such that workers receive the minimum
radiation exposure coincident with operating the facility, which is the risk, to achieve its
authorized research mission, which is the benefit. These areas are set with the
expectation that radiation levels will not exceed certain specified maxima depending on
the type of zone. The designated area maximawill be satisfied considering both the base
level of residual radiation fields and the integrated effect of the short bursts typical of
credible beam faults. The C-A Operations Procedure Manual, in compliance with the
BNL Radiation Control Manual, lists the different areas including the required controls
used at the Booster Applications Facility for minimizing exposure to external radiation.
Significant contamination and internal uptake of radionuclides at Booster Applications
Facility is extremely unlikely and further analyses of these issues are not necessary, and
are documented in a Technical Basis for Bioassay.*’

4.5. Hazard Identification and Hazard Analysis

This section describes the hazard identification and qualitative hazard analysis for
each of the major portions of the Booster Applications Facility: beam transport systems,
beam dump systems, target and support building, power supply building, cooling water
systems, shielding and instrumentation systems. The results of the hazard identification
and analyses are given in Appendix 9, Qualitative Risk Assessment.

The hazard identification process examined the Booster Applications Facility
processes and operations that could result in a source of danger with the potentia to
cause illness, injury or death, damage to operations or environmental damage. The
Booster Applications Facility design documentation, BNL conventional and radiological
safety requirements, Booster Applications Facility walk downs, C-A Operating and
Emergency Procedures, and discussions with engineering staff, experimenters and safety
professionals were utilized to conduct the detailed hazard identification and hazard
analysis of the Booster Applications Facility.

45.1. Conventional and Environmental Hazards

A review of all safety and health issues related to the Booster Applications
Facility leads to the conclusion that fire, radiation and electrical hazards require further

3" http://www.rhichome.bnl.gov/AGS/Accel/SND/Bioassay/Bioassay TechBasis.doc Technical Basis for
Bioassay Requirements, Collider-Accelerator Department, January 2001.
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safety analysis, which considers the preventive and mitigating Booster Applications
Facility design features. Documentation of the hazard screening is found in Appendix 9.

Pressure and vacuum vessels, use of toxic, hazardous and biological materias, use
of flammable/inert/cryogenic gases/fluids, noise, hoisting/rigging, lasers, rotating
equipment, heat and magnetic fields are considered routine activities. The risks from
these activities are maintained acceptable by compliance with the requirements of the
BNL Standards Based Management System (SBMS) Subject Areas and the C-A
Operations Procedure Manual. When required, these hazards undergo review by the
appropriate BNL or C-A committee or they undergo review by C-A ESHQ Division
specialists during the work planning process, as indicated by C-A OPM or SBMS
requirement.

Electrical safety is a very serious and complex subject, which is controlled by
experienced C-A and BNL staff engineers, operators, technicians and maintenance
personnel. A full description of the electrical safety requirements that assure electrical
safety is given in the BNL Standards Based Management System. Routine access to the
Booster Applications Facility Target Room is not prohibited when the magnets are
powered. However, access to the tunnel from the Target Room is prohibited for Users by
a locked gate. The closest beam-line magnet is almost 50 feet upstream of the Target
Room. Access to the tunnel by trained and authorized C-A support staff to investigate a
magnet problem is covered by a C-A OPM procedure and a working hot permit.

Static or fringe magnetic fields that are present in the Booster Applications
Facility transport magnets do not warrant special controls other than appropriate warning
signs and training of personnel who have access to Booster Applications Facility.

A list of chemicals used in the C-A facilities, the annual quantity used and the
manufacturer’s Material Safety Data Sheets are maintained in accordance with the BNL
Chemical Safety Program. Required reviews of the conventional safety aspects of the C-
A facilities shows that use of these chemicals does not warrant specia controls other than
appropriate signs, procedures, appropriate use of persona protective equipment, and
hazard communication training, all of which have been implemented. Reviews are
carried out before work, viathe work planning process.

With regard to environmental impacts, the effluent hazards include generation of
®H and *Nain the earth shielding, which could potentially contaminate the ground water,
and generation of short-lived radioactive gases in the air in the tunnel and Target Room.
Both of these are addressed in this Chapter of the report, and these hazards have been
eliminated or controlled by design. Even though tritium levels in cooling water are less
than the Drinking Water Standard, the intent of Suffolk County Article 12 Code was
followed in the design of cooling water systems and piping that contain trace amounts of
tritium. Diversion of radioactive liquid effluent from the sanitary waste system to a hold-
up system, or hold up of radioactive liquid in C-A sumps, occurs in order to allow
retention and sampling before disposal. Air emissions from Booster Applications Facility
are negligible since the potential activation products are sufficiently low; that is, much
less than 0.1 mrem/year to the public, to assure doses are ALARA. Results of
environmental monitoring and details on exposure pathway analysis are found in the
annual BNL Laboratory Environmental Report produced by the BNL Environmental
Services Division.
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45.2. Radiation Hazards

The BNL accelerators and experimental beam lines have been in operation for
over 40 years providing protons and polarized protons for the high-energy physics
program, and in addition, for the past 12 years, the accelerators have been providing
heavy ions for the nuclear physics and NASA programs. Among the three operating
modes of the AGS, high flux unpolarized proton beam, polarized proton beam and heavy
ion beams, the high flux unpolarized proton operation represents the greatest ionizing
radiation hazard because they can provide the highest intensity beam. Fault calculations
for Booster Applications Facility shielding and activation are based on fluxes associated
with unpolarized protons. For routine operations, calculations are based on heavy-ion
particle flux given in Appendix 3. For calculation purposes, each nucleon in a heavy-ion
nucleus, either proton or neutron, is treated as an independent high-energy particle.

The principa radiation hazards associated with the Booster Applications Facility
derive from the primary beam flux and duty cycle for Booster Applications Facility
operation. Listed in order of importance, these hazards include:

* Inadvertent exposure of workersto primary beam.

» Exposure to secondary radiation created by primary beam losses during normal
operation or episodes of abnormal losses.

* Exposure to residual radiation induced in machine components and in the beam dump
and Target Room.

* Inadvertent release of activated cooling water to the environment.

* Inadvertent release of radioactive contamination to groundwater by alowing
rainwater to leach through activated soil.

* Exposure to activated air.

45.3. Source Terms

In estimating the degree of radiation risk, the shielding is designed assuming the
routine and maximum operating beam for the facility as indicated in Table 4.5.3. The
shield is designed to mitigate the greatest radiation hazard, which are unpolarized
protons. Thus, the shield is more than adequate for protection against polarized proton or
heavy ion loss because their intensity and/or individual nucleon energies are much less by
comparison.

A baseline evauation of radiation hazards associated with operation and
construction of the Booster Applications Facility is included as Appendix 1. Since
completion of Appendix 1, severa changes have occurred including a modest increase in
the limits on beam in the Booster Applications Facility line and a better understanding of
how the facility will operate. In this Report, the results of Appendix 1 are updated using
the revised assumptions from Table 4.5.3. Specificaly, estimates of the following
hazards are given here:

* Prompt radiation immediately outside the earth shield (berm).
* Prompt radiation at the support and target building.

* Skyshine.

» Potential activation of groundwater if the berm is uncapped.

» Activation of air in the Target Room.
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Some additional topics were addressed in Appendix 1, which are not discussed here %,

Table 4.5.3 Summary of Routine, Maximum and Faulted Beam Operating Assumptions
for Booster Applications Facility

Quantity

Maximum Vaue

Annua Energy Flux from Booster SEB

10~" GeV in one year

Hourly Energy Flux from Booster SEB

6x10™* GeV in one hour

Annua Energy Fux on the Booster Applications
Facility Beam Stop

3x10™ GeV in one year

Hourly Energy Flux on the Booster Applications
Facility Beam Stop

6x10™* GeV in one hour

Annua Energy Flux on Booster Applications Facility
Targets (0.25 nuclear interaction lengths)

3x10™ GeV in one year

Hourly Energy Flux on Booster Applications Facility
Targets (1.0 nuclear interaction length)

6x10™* GeV in one hour

Maximum, Single Event, Non-routine Point Loss at any
L ocation®

6.75x10™ GeV

45.4. Resultsof Calculation for Radiation Levels

An elevation view near the Target Room and beam dump is shown in Figure
45.4.a. The prompt radiation at the edge of the berm above the target in the Target
Room, which is the point of minimum shield thickness, was computed using the Tesch
formula for 3.07 GeV protons.*® This dose was found to be 2.42x10™"" rem per proton.
Table 4.5.3 prescribes a maximum hourly limit of beam interacting on target to be 6 x
10" GeV, which would result in 4.73 mrem per hour. Averaged over a year, the hourly
dose ismuch less. From Appendix 1 and for a*“thick target” the average GeV per hour is
2 x 10" versus the 6 x 10" considered above, for a reduction factor of 0.033, or an
average dose rate of 0.16 mrem/hr.

% Appendix 1 also considered beam loss in the Booster tunnel due to Booster Applications Facility
operation and a potential hazard relevant to Booster Applications Facility construction from a Booster fault
condition.

% The maximum, single-event, non-routine point loss is 1.5x10* 5-GeV nucleons/sec for 9 seconds. Nine-
seconds is the assumed response time of fixed-area radiation monitors to interlock the beam. Thus, a
single-event, high-energy nucleon loss of 6.75x10" GeV is the maximum fault assumption for any location
at Booster Applications Facility. It is noted in BNL Memorandum, J. Geller to D. Beavis, RSC Chair,
“Time to Chipmunk Interlock for Large Radiation Faults” March 2, 1999 that tests of the internal
chipmunk circuitry yield an absolute minimum response time of 0.65 seconds. Nine seconds is taken to
include the response time of the external circuitry that includes relays and critical devices.

“0 K. Tesch and H. Dinter, Radiation Protection Dosimetry, Vol. 15 No. 2 pp. 89-107 (1986). See
Appendix 1.
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Figure 4.5.4.a Elevation View of Target Room and Dump Region
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The dose on the berm slope shown in Figure 4.5.4.a next to the beam dump was
compared to the dose at 90° with respect to the target on the top berm using the CASIM
program for high-energy particle cascade-simulations.** The result was that the dose on
the slope is less than at the berm top. Thus, the hourly dose rates at the top of the berm
are bounding, even for the situation where no target isin place.

Asindicated in Figure 4.5.4.a, upstream of the Target Room the shielding consists
of 15 feet of earth. At the edge of the berm here, the Tesch formula gives 4.52 x 10°
rem per proton. Assuming a 5% inadvertent loss of the maximum hourly limit (3 x 10*
GeV) gives 0.44 mrem/hr. The average hourly dose rate corresponding to a chronic 5%
inadvertent loss is a factor of 0.033 less, which is a dose rate of 0.015 mrem/hr. The
assumption of a hypothetical 5% loss just before the target is based on experience with
the final focusing magnet in a beam line at AGS; however, it is noted that operators
monitor losses and are required to reduce beam lossesto ALARA levels.

The prompt radiation at the nearest point in the Target Room is estimated by
evauation of the labyrinth shown in Figure 4.5.4.b. The estimate was made using the
MCNPX code, as described in Appendix 1. The dose at door of the support building,
which is the circled 4 in the figure, for 3.07 GeV protons incident on a 12 cm plastic
target, which is 0.16 interaction length, is 108 rem per proton. The maximum hourly
dose is obtained by assuming 6 x 10" GeV on a one interaction length target. It is
assumed that neutrons dominate the dose at the support building labyrinth-door. The re-
entrant dump design supports this assumption. The resultant maximum dose rate is 0.84

“! The CASIM code overestimates the dose in the forward direction when compared to the actual condition
estimated by improved codes such as MCNPX at the GeV energy scale.
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mrem per hour. The average hourly rate assumes a 0.25 interaction length target.
Combining this with the average 2 x 10" GeV per hour gives 0.01 mrem per hour.

Figure 4.5.4.b BAF Labyrinth from Target Room to Support Laboratory
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(The Labels LP and OB Refer to "Low Probability" and "Out-of-Bounds" Regions in the MCNPX Calculation)

Both the skyshine dose-rate estimate and the groundwater activation estimate,
described later in this Report, are sensitive to targeting conditions. The maximum flux
values listed in Table 4.5.3 assume that the beam can be incident on either atarget or the
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beam stop 100% of the time. Since this condition was not envisaged at the time of the
initial estimates reported in Appendix 1, new revised calculations were made. However,
the techniques were not changed, so the reader is referred to Appendix 1 for a more
compl ete description.

The skyshine dose rate was determined by first estimating the number of neutrons
greater than 20 MeV emerging from the earthen berm surface, then applying a skyshine
formula developed from past measurements made at the AGS. The estimate of the
number of neutrons was made from CASIM calculations performed at a 2 GeV incident
energy in asimplified approximation of the geometry, a geometry that overestimates the
emerging neutrons. Specifically, the berm was assumed to have a circular transverse
cross-section, and the neutrons were summed over a +45° section centered on the beam
line. A schematic cross section at the target position is shown in Figure 4.5.4.c.*

Figure 4.5.4.c Cross Section at Target Position Showing Skyshine Approximation

g(\.

CASIM estimates were made with both the beam incident on the beam dump and
on a 0.25 interaction length plastic target. The worst case was with the target present,

“2 Thisisadlightly different approximation than was made in Appendix 1.
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where the number of neutrons greater than 20 MeV per 2 GeV protonis2 x 10°. For 1.5
x 10 2-GeV protons per year, the skyshine formula from Appendix 1 becomes:*?

0.125xe_D/6OO x(l_ e—D/47)

rem/ year = D?

where D is the lateral distance from the source to the dose point of interest in meters.
The closest building that at times is uncontrolled is Building 919 at D = 70 m. At this
distance, the computed dose rate is about 0.02 mrem/yr.

Groundwater activation from beam interactionsin or near the Target Room is also
sensitive to the targeting conditions. Again, new CASIM calcul ations were made for the
beam incident either on a 0.25 interaction length plastic target or on the dump. The
transverse size of the beam was also varied.

The technique for estimating groundwater activation is described in Appendix 1.
The time-averaged transport of *H and #Na concentrations from the position of their
creation to the water table by the leaching action of rainwater is estimated. This leachate
concentration is required to be less than 5% of the drinking water standard as per the
Standards Based Management System.** The drinking water standard is 20,000 pCi/L for
®H and 400 pCi/L for *Na. If this condition is not met, then geo-membrane liners or caps
are required to cover the soil. These caps act like umbrellas to prevent leaching of the
radionuclides from the soil to the water table.

The quantity calculated to determine the soil radionuclide content is the CASIM
“star density.” This is the interaction density of hadrons above about 47 MeV.
Approximately 0.075 *H and 0.02 *Na are created “per CASIM star.” More information
isgivenin Appendix 1.

A search was made for the highest star density in soil. Figure 4.5.4.d shows a
plan view of the dump region on the vertical mid-plane. The highest star density was
found to be at the point labeled with the circled "4" for a very large beam incident
directly on the dump. The value of 2.6 x 10°® stars/cc-p for 3.07 GeV protons is slightly
higher than given in Appendix 1. The total stars per year is obtained by scaling to 1.5 x
10™ 2-GeV nucleons to obtain a star density of 2.8 x 10® stars/cc-year. Using the
leaching model described in Appendix 1, this results in a “hot spot” of 706 pCi/L of *H
and 85 pCi/L ?Na. Since 5% of the drinking water standard for “Nais only 20 pCi/L, a
liner is required over the dump. The H concentration is only 3.5% of the drinking water
standard. Another CASIM calculation was performed by simulating an upstream loss by
forcing protons to interact over alength of one meter in the beam pipein abare tunnel. If
chronic loss of 5% of the beam is assumed, the result is a factor of three lower than
quoted above. Thus for ?Na, the 85 pCi/L is scaled down to 28 pCi/L for this scenario.
It is noted that aliner isinstaled over the entire beam line from the extraction point at the
Booster to the Booster Applications Facility beam dump.

3 The calculation in Appendix 1 was performed with a 12-cm long Fe target.
“ https://sbms.bnl.gov/standard/1r/1r00t011.htm Accelerator Safety Subject Area
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Figure 4.5.4.d Plan View of Target Room Dump Region

The air activation estimate, as the estimate made for prompt radiation at the
entrance to the Target Room labyrinth in the support building, was made using MCNPX.
The current values were scaled from the results given in Appendix 1. However, one
significant change has been noted in the intended operation, namely that the vacuum
pipe, which had been thought to exist up to the target, actually terminates 5 feet upstream
of the Target Room. The beam path length in air, which was assumed 10 feet in
Appendix 1, was therefore increased to 28 feet including the length of the re-entrant
beam dump cavity.

With a correction for the target thickness used in the estimate described in
Appendix 1, the room-averaged hadron flux greater than 20 MeV from interactions
becomes 2.1 x 10° per cm? per incident 2-GeV proton, and the thermal neutron flux
becomes 3.4 x 10°® per cm? per proton. However, the room averaged flux of the incident
beam particles increases to 6.8 x 10 per cm? per proton, which dominates the activation
of air.

Given these fluxes, concentrations of various radionuclides are estimated using
the cross sections given in Appendix 1. For **Cl and *Cl, produced by spallation
reactions with the argon in Target Room air, cross sections were estimated from
Rudstram. These were included because they are sometimes detected in air samples at
BNL accelerators. With the annual 3 x 10™® GeV per year given in Table 4.5.3, the
following annual-activity concentrations averaged over the Target Room volume are
computed conservatively ignoring radioactive decay and Target Room ventilation:
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Table 4.5.4.a Annual-Activity Concentration Averaged over Target Room Volume
and
Annual Production Rate of Air Activation Products

Radionuclide of Volume Averaged Annual Production Rate,
Interest Annual-Activity Cilyr
Concentration, Ci/cc
“Ar 22x 101 26x10°
*cl 1.2 x107° 1.4 x10°®
Bl 4.3 x 10 4.9x10%
3 1.4x 10" 1.6 x 107
p 9.1x10% 1.0 x 10°
Al 7.0x 10" 8.1x10°
“Na 5.6 x 107 6.3 x 10°
™o 6.7 x 10° 7.4 x 10
o 2.8x 1010 3.2 x 1072
N 1.6 x 10° 1.8x 10"
e 7.0x 101 8.1x10?
‘Be 1.9x 101 2.1x10°
°H 7.7x10% 8.8 x 107

Given these radionuclide quantities, the dose to the maximally exposed individual
of the public has been estimated using the Clean Air Act Code CAP88-PC. The standard
BNL site-specific model was utilized with 10-year average wind rose, temperature and
precipitation and the most current, CY 2000, population data. The CAP88-PC model is
designed to model continuous airborne radioactive emissions that occur over the course
of ayear. The radionuclides in Table 4.5.4.a were modeled as if they were released in
this manner.  Aluminum-28 and oxygen-14 are not included in the CAP88-PC
radionuclide library and thus are not included in the model. However, the source terms
and half-lives of these radionuclides are so small that their exclusion has no affect on the
conclusions of the evaluation. Chlorine-39 and chlorine-38 were aso not included
because their effect has no affect on the conclusion.

Appendix 4 showed that the dose to the BNL site maximally exposed individual
of the public at the northeastern site boundary is 9.7 x 10° mrem/yr. * This dose is six
orders of magnitude below the 10 mrem/yr limit specified in 40CFR61, Subpart H, and a
factor of ten-thousand times less than the 0.1 mrem/yr limit that triggers the NESHAPs
permitting process. Therefore, no application for a permit was required for the Booster
Applications Facility and continuous monitoring of the release point is not required.

Normally, the Target Room is ventilated continuously to reduce odors from the
biological specimens.  The ventilation system will maintain the radionuclide
concentrations at insignificant values in the Target Room. If the ventilation is off and
irradiations and entries are still made, the dose to an individual who spends an hour in the

“® http://www.rhichome.bnl.gov/AGS/Accel/SND/BAF/BAFSADAppendix4.pdf, Appendix 4, BAF SAD,
G. Schreoder, Booster Applications Facility Facility/Process Radionuclide Evaluation, January 4, 2001.
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Target Room would be a small fraction of amrem. Thus, there are no significant hazards
from loss of Target Room ventilation.

The materials used in construction of the Booster Applications Facility
experimental areas are limited in number, the most important being iron, steel, copper,
aluminum, concrete, oil and plastic. These metals and materials are generally not used in
their pure form; that is, they have welds, or they are alloyed with other metals, or they are
parts of beam-line components. Thus, irradiation produces a variety of radionuclides in
any given item. Based on recent studies on the C-A radioactive waste stream, nuclides
ranging in half-life from days to years are formed in these materials. Table 4.5.4.bisa
summary of the dominant radionuclides produced in each material. Experience with
these activated materials and radioactive waste streams at BNL accelerators and
experiments, shows that the current administrative and work controls are adequate to
minimize their hazards.

Table 4.5.4.b Radionuclides Predominantly Observed in the Waste Stream from High
Energy Hadron Accelerator Operations

Irradiated Radionuclides Observed in the Waste Stream
Material

Plagtic, Oil | 'Be, *Na, **Sc, **Mn, >'Co, *Co, ®Ga, ®zr, *sn, %3, 1*°h, +*°Ba,
134CS, ZOYBi

Concrete Be, “Na, **Sc, **Mn, *'Co, *°Co, ®Co, *zn, *’Ag, *'Cs

Aluminum | "‘Be, “Na, >*Mn, >'Co, *°Co, *’Co, *°Zn, **Ga, *Nb, "“Ag, **Ba, 1*'Cs

Iron, Steel Be, Na, *°sc, >*Mn, PFe, **Co, >'Co, ®Co, ® zn, ®Ga, ™Se, ®Nb,
110Ag, 1138n, 124Sb, 1258b, l338a 134CS, 207Bi

COpper 7Be, 22Na, 54M n, SYCO, 5800’ GOCO, 6SZn’ 68Ga, llOAg, lSSBa1 134CS

Radioactivity is also produced directly in the Booster Applications Facility closed
primary cooling water systems. Experience indicates that ‘Be and °H are the two long-
lived radionuclides that are produced. The estimates indicate mCi amounts of these
longer-lived radionuclides will be produced annually. Operation of AGS primary cooling
water systems causes much higher activities and volumes of activated cooling water.
Handling AGS cooling water and responding to spills has shown that there is no
significant hazard to workers. Current procedures and controls will assure that Booster
Applications Facility primary cooling water will not be hazardous to workers. Tritium is
always produced in conjunction with gamma emitters so a gamma detector is sufficient to
monitor spilled primary water. In the event of an inadvertent release or spill, gamma
radiation monitors in the sanitary waste system, the system which receives spilled
activated cooling water, are designed to trigger the diversion of significant levels of
radioactive water away from the BNL Sewage Treatment Plant and toward a lined hold-
up pond for additional sampling and treatment. However, significant levels of activated
primary water, significant enough to trigger the holdup process, are not anticipated to be
produced due to normal operations.

In addition to direct activation of primary water, slight amounts of radioactivity
that is induced in the magnets is picked up in this same cooling water due to corrosion.
Current AGS systems have PCi amounts of corrosion products such as >*Mn, ?Na and
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®Zn. On the other hand, activated cooling water is in closed re-circulated systems that
are de-ionized, which greatly reduces the amount of dissolved corrosion products.
Closed system or "contact" cooling water is monitored before discharge. The planned
release of cooling water follows receipt of analytical data showing acceptable levels for
al radionuclides as long as the requirements of the State Pollution Discharge Elimination
System Permit (SPDES) are satisfied. Additionally, the metals content is monitored in
both "contact" and "secondary” cooling waters.

Primary cooling water will briefly contain small amounts of short-lived radio-
gases that are isotopes of nitrogen and oxygen. The minor external radiation hazard near
the contact cooling water piping from circulating these radio-gases is momentary, lasting
5 to 10 minutes after shutdown of the beam. The most radioactivity in cooling water,
other than dissolved short-lived radio-gases, is from tritium. The current level of tritium
in the Booster magnet cooling water, which has been building up for severa years, is 2.8
x 10° pCi/L, which is about 14 times greater than the Drinking Water Standard. The
annual Booster accelerated particles averaged over the last few years is about 2.0 x 10%
GeV. Thus by ratio to annual BAF running, 1.0 x 10" GeV, the tritium in cooling water
would build up by about 150 pCi/L per year. This level would be at or below the
minimum detectable level for routine tritium monitoring, at least during the first few
years, and cooling water leaks would not be of concern with regard to spreading
radioactive contamination. Other radionuclides in cooling water will be either too short-
lived (minutes) or be removed by the BAF ion-exchange system and trapped in solid
media.

Secondary water from the cooling towers, which is not radioactive, is discharged
into recharge basinsif the metals content is not greater than permitted.

Regarding hazards from activated animal waste; assume a sample receives a near
lethal dose of 500 rad (5 Gy) from 1 GeV/nucleon iron ions. This corresponds to 4x10°
iron-ions for a 20 cm?® beam-size, or 2.3x10™ nucleons at 1 GeV. See C-A OPM 9.1.11,
Section 5.4, for dose to beam conversion functions. For soft tissues, water comprises
about 80% of mass. Assume a sample is made of water, presents a 20 cm? area to the
beam and is 20 cm long. Given a 30 mb cross-section for tritium production from high-
energy nucleon-collisions with oxygen, the total tritium created in a sample from a 500
rad dose is 22 pCi. Given that water has about 200 to 400 pCi/L of naturally occurring
tritium, the activated excreta of animals is not expected to be measurable nor is it a
significant radioactive hazard.

455. FireHazards

The primary combustible loading in the Booster Applications Facility consists of
magnets, power and control cables, and beam diagnostic equipment located in the Tunnel
and the Power Supply Building. None of the materialsis highly flammable, and with the
possible exception of small amounts of control cable, all are expected to self-extinguish
upon the de-energizing of electric power. Small amounts of flammable materias, in
guantities of less than 1 quart each, will be used in the Support Building. The buildings,
tunnel and cooling towers are all constructed of non-combustible materials.

Due to a system for diversion of radioactive liquid effluent to a hold-up pond,
there are no environmental impacts due to release of contaminated water from the fire
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protection water system. Water sprayed on radioactive equipment may become slightly
contaminated but would enter the sanitary system and be monitored before release. There
are no significant amounts of combustible activated materials in the tunnel or beam lines
and no significant radioactive particles would be present in smoke. Thus, there is no
significant environmental hazard from afire a the Booster Applications Facility.

4.6. Hazard Controls

The purpose of this section is to briefly summarize the various system features
and administrative programs that help to control hazards or the minimize risk of various
hazards.

4.6.1. Radiation Protection

The significant hazard at the Booster Applications Facility is ionizing radiation,
and operations are planned to be within DOE dose guidelines. The Department uses a
graduated system of shields, fences or barriers, locked gates, interlocks and procedures to
match access restrictions with potential radiation hazards that satisfies both the BNL and
DOE requirements.

Although the Laboratory site is a limited access site, service personnel from off-
site or BNL non-radiation workers may work near the accelerators or may traverse the
complex. The Laboratory policy is to restrict the dose to 25 mrem per year to such
personnel. The C-A Department adheres to this policy by using shielding and radiation
monitoring devices that prevent radiation levels from exceeding set points.

Shielding for Booster Applications Facility is also designed to permit access by
appropriately trained personnel to areas adjacent to the beam enclosures and Target
Room even with nominal inadvertent beam loss. In locations where the losses are
expected to be greater, such as outside the shielding near collimators or the beam stop,
physical barriers such as fences are used to control access and minimize exposures.
Depending on the area classification, these barriers may be locked and/or posted as
Controlled Area or Radiation Area.

There is the potential of significant residual activity in several locations, which
are collimators, injection region, and beam dump. To work near these locations, movable
shielding may be brought into place using the remote capabilities such as a crane or a
fork truck. This minimizes the potential integrated person-dose for work done within the
beam enclosure.

4.6.1.1. Permanent Shielding and ALARA Dose

Shielding design analyses were performed for all sections of the Booster
Applications Facility, and ALARA was integrated into the overall facility design. Soon
after beam is available, studies will be conducted in order to verify the design and to
optimize shielding, as needed, to help achieve an ALARA dose to facility personnel and
facility users. Extensive radiation surveys of normal operations, as well as low-intensity
simulated, credible beam faults, will be conducted during commissioning and initial
operations. These surveys will provide assurance and verification of the adequacy of the
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shielding and access controls. It is noted that the permanent shielding and access controls
are configured to support the BNL RadCon Manua dose limit requirements, and are
further enhanced to support the BNL RadCon Manual ALARA considerations.

The shield was planned with ALARA in mind such that, during normal
operations, the dose rate on accessible outside surfaces of the shield is planned to be less
than 0.25 mrem/h in areas under access control. Areas under access control at the
Booster Applications Facility are all designated Controlled Areas or radiological areas as
defined in the BNL RadCon Manual. The design of 0.25 mrem/hr is a guideline based on
the actual ALARA design objective of less than 500 mrem per year. That is, assuming
100% occupancy at the shield face, a 2000-hour per year residence time yields an
acceptable ALARA design objective of 500 mrem. The 500 mrem per year ALARA
design objective is one half the design objective stated in 10CFR835 § 835.1002 (b).

Since there are many ways to control access and residence time by area
designation, training, signage and work planning and since there is a decrease of dose rate
with distance from the shield face, significantly higher shield face dose rates are often
acceptable. Therefore, in the following subsections, the shields are evaluated in terms of
the guideline of 0.25 mrem/h, and instances where higher values may be acceptable are
mentioned to indicate where area designations will play a mgor role in minimizing
radiation exposures.

4.6.1.2. Permanent Shielding Materias

The permanent bulk shielding materials for the Booster Applications Facility are
primarily materials used at existing BNL accelerator facilities. For example, concrete,
iron and earth provide protection for personnel outside the Booster Applications Facility
tunnel and Target Room. In addition, as discussed later in this analysis, the transport line
and the beam dump berms are covered with caps to prevent leaching of soil activation
products, tritium and sodium-22, from contaminating the groundwater. In addition to the
materials mentioned above, paraffin, borated paraffin, polyethylene, borated polyethylene
and lead may be used for local shielding and in special circumstances. Shielding
configuration is closely controlled and may not be changed without review and approval
of the C-A Radiation Safety Committee (RSC).

4.6.1.3. Radiation Detection and Radiation Interlocks

At locations external and/or adjacent to beam enclosures where unlikely but
possible beam loss may occur, the use of hard-wired, fall-safe interlocking radiation
monitors is planned. This technique is standard practice at DOE accelerator facilities to
maintain radiological-area classification compliance by providing a robust and rapid
beam inhibit if any monitor exceeds a preset interlock limit. The Booster Applications
Facility will treat these radiation monitors as part of the QA level Al safety-significant
access-control-system for personnel protection.

Interlocking radiation monitors are to be calibrated annually. These radiation
monitors have been dubbed ‘Chipmunks.” They are tissue-equivalent ionization
chambers that measure dose equivalent rate, in mrem per hour, from pulsed, mixed-field
neutron and gamma radiation. Chipmunks are used as area-radiation monitors for
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personnel protection and are located throughout the facility in accessible areas.
Chipmunks are used to interlock the accelerator beams should radiation levels exceed
limits defined by the C-A Radiation Safety Committee. The operation of Chipmunks
with interlocking capability isfail-safe. Loss of power results in beam off for interlocked
Chipmunks, and/or an alarm in the Main Control Room in Building 911, a control room
that is manned around-the-clock during operations. Additionally, the Chipmunk uses a
built-in keep-alive radiation source to monitor for failures. Such afailure will trigger an
alarm in the Main Control Room and/or an interlock when appropriate.

The interlock system is hard-wired and uses relay logic and PLCs to activate or
deactivate a device such as a beam stop or magnet power supply to prevent beam from
entering the fault area when a fault condition is detected. The portion of the system that
is PLC based is patterned after the system used at RHIC. This system is monitored by an
independent computer, and the fault condition is logged.

Fixed-location area-radiation monitors such as Chipmunks also provide real-time
dose information at various locations along the beam path and in the target and support
buildings. This dose rate data is logged every few minutes and stored on computers.
General |locations have been selected for the real-time monitors; exact locations will be
determined based on beam-loss tests conducted during the commissioning phase and on
subsequent radiation surveys during operation. Final area radiation monitoring
instrument locations will be approved by the Radiation Safety Committee.

Additional area monitors may be used to assess the long-term integrated dose in
areas accessible to the public and other individuals not wearing personnel dosimeters.
Thermo-luminescent dosimeters (TLDs) identical to those worn by radiation workers will
be mounted in locations approved by the Radiation Safety Committee for this purpose.
The dose recorded by these TLDs will be indicative of the exposure of a person spending
full time at that location. Neutron dosimeters, if their use is indicated for this purpose,
will be attached to phantoms to simulate use by personnel.

4.6.1.4. Portable Radiation Monitors

Portable radiation detection instruments will be used by Radiological Control
Technicians (RCTs) and, potentially, other trained and approved C-A personnel, to
measure the radiation fields in occupied areas during commissioning and periodically
during normal operations. These measurements will be used to establish and confirm
area radiological postings. Instruments used for this purpose will be appropriate for the
type and energy of the expected radiation, and will be calibrated in accordance with
requirements.

4.6.1.5. Frisking Instruments

Experience at the AGS with virtually identical beams and identical NASA
experiments have shown that contamination is not expected at Booster Applications
Facility. However, routine contamination surveys will be conducted to verify that
contamination is not a problem. Instruments used to frisk personnel who are exiting
posted areas that might contain removable contamination will be used as appropriate.
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4.6.1.6. Personnel Dosimetry

All radiation workers will wear appropriate TLDs and self-reading dosimeters as
required by the BNL Radiation Control Manual while working in areas posted for
radiation hazards. Dosimeters will be exchanged on a regular basis and processed by a
DOELAP-accredited laboratory. Records of the doses recorded by these dosimeters will
be retained, and these records will be made available to the monitored individuals.

4.6.1.7. Access Controls Systems

The radiation security system will use the same design as existing access controls
at C-A facilities that have been in operation for nearly 40 years. The C-A Department
has classified the security system as QA level Al according to the C-A QA plan, but the
Department allows certain components to have alower classification because failureis to
a safe state or critical parts are redundant. The Access Controls Group installs industrial
grade components only. This Group labels parts that pass incoming tests as A1 or A2
and places labeled partsin controlled storage areas. The Group maintains documentation
for these acceptance tests.

The basic design principles of the access control system are:

» Either the beam is disabled or the related security areais secured.

* Only wires, switches, relays, PLCs and active fail-safe devices, such as Chipmunks,
are used in the critical circuits of the system.

» The de-energized state of the relay is the interlock status; that is, the system is fail-
safe.

* Areas where radiation levels can be greater than 50 rem/h require redundancy in
disabling the beam and in securing the radiation area.

» If abeam fails to be disabled as required by the state of its related security area, then
the upstream beam would be disabled; that is, the system has backup or reach-back.

Very High Radiation Areas are those areas that enclose primary beam such as the
Booster Applications Facility beam line and Target Room. Very High Radiation Area
hardware requirements comply with the BNL RadCon Manual. The C-A Radiation
Safety Committee requires: 1) locked gates with two independent interlock systems, 2)
fail safe and redundant radiation monitors or other sensing devices, 3) indicators of status
at the facility in the Main Control Room, 4) warning of status change, and 5) emergency
stop devices within potential Very High Radiation Areas.

The C-A Radiation Safety Committee reviews interlock systems for compliance
with requirements in the BNL RadCon Manual, Standards Based Management System
regquirements and C-A Operations Procedure Manual procedures. A Representative of the
BNL Radiological Controls Division is a member of the C-A Radiation Safety
Committee. The C-A Radiation Safety Committee defines the design objectives of the
security system and approves the logic diagrams for relay-based circuits and state tables
for PLC-based circuits. Cognizant engineers sign-off on wiring diagrams and the C-A
Chief Electrical Engineer approves each diagram. The C-A Access Controls Group
maintains design documentation.

The Access Controls Group conducts a complete functional check of all security
system components at an interval required by the BNL Radiological Control Manual. In
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the checkout, the Access Controls Group checks the status of each door-switch on a gate,
and each crash switch in the circuit. They check the interlocks and the off conditions for
all security-related power-supplies to magnets, magnets that may act as beam switches,
and for all security-related beam-stops. They check every component in a security
circuit. Asthey test, they fill-out, initial and date the security system test-sheets obtained
from the C-A Operations Procedure Manual. Test records are maintained as required by
the C-A Operations Procedure Manual.

4.6.2. Electrical Safety

The requirements for electrical safety are given in detail in the BNL Standards
Based Management System and the C-A Operations Procedures Manual. Electrical bus
work is covered to reduce/prevent electrical hazards in the power supply areas. In beam
enclosure areas, exposed conductors will not be present and magnet buss will be covered.
The Main Control Room will lock out all power supplies that power devices inside a
beam enclosure whenever the area is placed in Restricted Access mode. In Controlled
Access mode, even though the magnets will not be powered, the power supplies will not
be locked out. Workers are trained to assume that magnets are powered in al cases and
to treat them accordingly. In cases where workers are required to work on or near a
specific magnet during Controlled Access or Restricted Access, the magnet power supply
will be locked out and tagged out by the worker.

In some cases, it will be necessary to work near magnetic elements while
powered. Appropriate control over access during this mode is maintained by the
Operations Coordinator. Work planning, Working Hot Permits and training requirements
for entrants under these circumstances address concerns for inadvertent contact with
powered conductors and exposure to magnetic fields.

4.6.3. Lockout/Tagout

Lockout/tagout procedures are specified in the C-A Operations Procedure
Manual. All workers will be required to train in lockout/tagout procedures at a level
consistent with their position. Where electrical hazards could be present to C-A
personnel working in an area, lockout/tagout procedures shall be executed only by trained
and authorized personnel.

4.6.4. Safety Reviews and Committees
Standing safety committees shall be utilized throughout design, construction,
commissioning and operation to focus expertise on safety, environmental protection,

pollution prevention and to help maintain configuration control. See Chapter 3, Section
3.4.3.10.

4.6.5. Training

Worker training and qualification is an important part of the overall ESH plan for
C-A Department. Training and qualification of workers is described in the Operations
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Procedures Manual and the required training for individuals is defined in the Brookhaven
Training Management System (BTMS). All Booster Applications Facility personnel and
experimenters will require an appropriate level of training to ensure their familiarity with
possible hazards and emergency conditions.

Workers will be trained in radiation and conventional safety procedures at alevel
consistent with their positions. The number and type of training sessions/modules will be
assigned using a graded approach commensurate with the staff members responsibilities,
work areas, level of access, etc. An up-to-date record of worker training will be kept in
the BTMS database. Radiation worker access will only be allowed if adequate training is
documented, except in cases of emergency. Training procedures and course
documentation will be reviewed and updated periodically.

4.6.6. Personal Protective Equipment

Specid clothing will be used to protect workers who are exposed to the various
hazardous materials found at the Booster Applications Facility, including chemicals and
radiation. The clothing for a particular application will be selected considering the
expected hazards; a variety of types of clothing will likely be needed to meet all hazards.
There are no predicted hazards that are unique to the Booster Applications Facility, and
experience gained at other C-A facilities will be applied to ensure the adequacy of
protective clothing in a particular application.

Respiratory protection will be p